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Summary.
1. The fish populations of 5 meres in Shropshire (Berrington Pool, Crose Mere, 
Marton Pool, White Mere) and Cheshire (Pettypool) were sampled (October - 
November 1995), under license, using gill nets. All lakes have experienced some 
increase in nutrient loadings over the last decade or so (Moss et al., 1992).
2. Seven species of fish were recorded across all 5 meres. Species richness was 
highest in Pettypool and Berrington Pool (5 species each) and lowest in Crose Mere 
and Marton Pool (3 species each). Numbers caught (CPUE) ranged from 76 in 
Pettypool to 255 in Marton Pool. There was no apparent trend in CPUE and species 
richness between sites.
3. All sites were dominated by two species, the roach and perch. Ratios (roach / 
perch) ranged from 1 / 4 in Berrington Pool to 4 /1 in Pettypool.
4. Associated species included, the bream (2 sites), carp (1 site), tench (1 site), ruffe 
(1 site), eel (3 sites) and pike (all sites). Numbers of pike were low throughout. Ruffe 
and eel can be considered as ‘local rarities’.
5. The numbers of age classes present varied within and between species, across sites. 
For roach, the numbers of age classes represented ranged from 3 in Crose Mere to a 
maximum of 7 in Berrington Pool and Marton Pool. For perch, the range was 2 (3 
sites) to 5 (2 sites). The maximum ages of roach and perch recorded were 9 and 5 
years, respectively. Four strong year classes (1990,1992, 1993 and 1995) were 
apparent in roach and 2 (1993 and 1995) in perch.
6. Growth rates of roach and perch varied widely between sites, but were relatively 
constant, within sites (between year classes). Growth rates of roach and perch were 
highest in White Mere and Crose Mere and lowest in Berrington Pool. Estimates of 
von Bertalanffy growth constants were on occasion, subject to some bias because of 
the limited number of ages available for analysis. Growth rates of roach and perch in 
Berrington Pool were atypical for these species in the meres.
7. Growth rates of bream were generally high in those sites where the species was 
caught (Berrington Pool and Pettypool). However, recruitment was erratic with only 4 
year classes (1979,1983,1989 and 1994) represented across meres. Of these the 1989 
year class was most abundant. A few data are also presented for tench.
8. Growth rates of pike were above average for this species in the deeper meres 
(Crose Mere and White Mere) but comparatively poor in Pettypool. Values of L „for 
pike in Crose Mere and White Mere ranged from 78.5 to 86.8 cm. In most sites the 
1989 year class was most abundant.
9. A wide range of food items was recorded in the diet of roach and perch (all sites). 
Benthic and littoral invertebrates were a consistent feature of the diet of all roach. 
Molluscs were recorded from roach in all sites. The widest range of food items was 
recorded in Crose Mere and the smallest in Pettypool and Berrington Pool (range in 
Levin’s index 4.02 - 7.12). Perch fed on littoral invertebrates and fish fry.
Cannibalism was recorded in 2 sites (Marton Pool and Pettypool). The larvae of 
Chaoborus flavicans were an important food item of fish in most sites. Bosmina was 
recorded in the diet of fish from 2 sites (Berrington Pool and Marton Pool). Pike fed 
on perch and roach.
10. A number of possible scenarios are considered to explain the wide range of 
population characteristics recorded within and between sites. In general, differences 
between sites seem to reflect differences in lake morphometry and patterns of 
recruitment. Where populations were limited by recruitment, growth rates were 
generally high. Growth rates were lower in the two shallow sites. These differences 
probably reflect species specific differences in life-histoiy tactics, arising from 
interactions between growth and mortality. The main exception to this trend, occurred 
in Marton Pool. No specific differences in diet were apparent except in Berrington 
Pool where Bosmina formed an important component of the food eaten. Dietary 
dendrograms are included.
11. There was no evidence that pike exerted a regulatory effect on the population 
numbers for any prey species. In the deeper meres, pike fed on ‘preferred5 prey 
species, such as roach. By contrast, only small perch were recorded from pike in other 
sites.
12. An attempt to evaluate the possible occurrence of competition between perch and 
roach was carried out, by cross correlation. No consistent trend was apparent although 
circumstantial evidence suggests that the community in Marton Pool is entering a 
critical stage in succession and / or nutrient loading.
13. Two sites are highlighted for special conservation attention, Berrington Pool 
because of it’s unique mix of species and population characteristics and Marton Pool 
because of its abundant population of perch and possible stage in succession. 
Berrington Pool may also be genetically important if the enzyme complex can be 
shown to have lost a critical gene for detoxification. Perch contained unusually high 
levels of dyes in their mesenteric fat, kidneys and livers.
14. All sites (with the possible exception of Pettypool) are worthy of further scrutiny 
and sustained conservation because of their pristine and attenuated fish faunas. Some 
genetic differences can be expected between sites, because of the limited scope for 
immigration. Biomanipulation of fish stocks is unlikely to be a successful method for 
reducing algal blooms except possibly in Pettypool.
15. Additional data on parasite infection and pigment TLC’s are included for 
completeness.
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1.0. Introduction.
The meres of the Shropshire-Cheshire plain (West Midlands) comprise over 60 water 
bodies. Water quality in the meres ranges from naturally eutrophic (Reynolds & 
Sinker, 1976; Reynolds, 1979) to nutrient limited (Moss et al., 1992). A number of 
the meres are important sites of refuge for wildlife (e.g. Rostherne) and have received 
SSSI status. In most cases, sites have been designated SSSI’s on the basis of their 
floristic value. Changes in plant assemblages have led to some sites losing their SSSI 
status (e.g. Ellesmere). This survey was commissioned in order to obtain quantitative 
information on the fish fauna of selected SSSI’s and evaluate the likely impact of fish 
on other species within the community.
This is the fourth in a succession (1992-1996) of surveys concerned with the 
Shropshire-Cheshire meres. In the first, Moss et al. (1992) evaluated the limnological 
condition of a group of 23 meres. A subsequent report (Smith & Moss, 1994), based 
largely on questionnaires, provided some information on the fish populations in 31 
meres and recommended the implementation of a series of standard surveys at 
selected sites (Smith & Moss, 1994). The third report, by Winfield and Tobin (1995) 
gave an outline of sampling procedures and recommended methods for estimating 
fish populations in a number of meres (SSSI’s).
The current survey was concerned with 10 of the West Midlands’ meres. A cross 
section of sites was selected. Sites were widely distributed from Marton Pool in the 
south-western part of Shropshire to Tabley moat in Cheshire. Meres varied in size 
(2.0 - 25.5 ha), depth (max. 1 - 15 m) and nutrient status (oligotrophic - eutrophic). 
All were to be sampled using the methods outlined (Winfield & Tobin, 1995).
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1.1. Aims.
The main aim of the survey was to provide more detailed information on the fish 
populations in 10 West Midlands meres. Sampling procedures were designed 
(Winfield & Tobin, 1994) to determine the following specified (English Nature) 
criteria:
a. species present
b. relative abundance of each species (*)
c. minimum estimates of biomass (*)
d. age class distribution of each species
e. diet of each species
f. growth rates of each species
(*) - best estimates.
1.2. Structure of the report.
The report is divided into different sections for clarity and ease of reference.
The materials and methods section provides an outline of the location and status of 
each mere and information on known fish species present (Moss et al. 1994; Smith & 
Moss, 1994; Winfield & Tobin, 1995). Descriptions of the methods of analysis used 
during this survey are outlined.
The results of the survey were considered individually (i.e. site by site basis) and 
comparatively (i.e. with other sites). Information on the relative abundance of fish 
species present, their diet, sex, age class structure, parasite burdens and growth was 
considered for each mere. Where available (3 sites), echo-soundings carried out by 
CRG and KH are included as information for that site.
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Inter-site comparisons were made using information derived from echo-soundings, 
growth rates, diet, and species abundance for each site. Where possible, comparisons 
were made with other meres in the Shropshire-Cheshire plain for which adequate 
information was available.
The final section of the report will be in the form of a general discussion. The results 
for the meres will be considered alone and collectively. Comparative information 
from longer term studies will be used to attempt to discern the likely impact of fish 
populations on the ecology of other species. Conclusions and recommendations will 
be made.
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2.0. Materials and methods.
2.1. Location of the meres.
The location of each mere is given in Figure 2.1.
2.2. Morphometry of the meres.
Morphometric details of each mere in this survey are provided in Table 2.1 (after 
Moss et al, 1993; Winfield & Tobin, 1995).
Table 2.1. Size (ha) and maximum depth (m) of 10 West Midlands meres.
Site- Surface area (ha) Maximum depth 
(m)
Area1 max depth
Berrington Pool 2.5 12.2 0.21
Bomere 10.3 15.2 0.68
Crose Mere 15.2 9.3 1.63
Fenemere 9.4 2.2 4.27
Marton Pool 13.7 8.0 1.71
Pettypool 11.7 3.1 3.77
Quoisley Big Mere 4.0 2.4 1.67
Quoisley Little Mere 2.2 1.8 1.22
Tabley Moat 2.0 1.5 1.33
White Mere 25.5 13.8 1.85
2.3. Nutrient status of the meres.
Moss et al. (1992) evaluated the limnology of the meres. A high nutrient status was 
considered unacceptable in terms of the mere’s conservation merit and some remedial 
measures were suggested. Some of the results of their study are outlined in Table 2.2.
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F ig U . M ap  o f  the  W est M idlands show ing the  location o f  the 10 m eres considered in 
the  survey.
Table 2.2. Status of some West Midlands meres (after Moss et al.. 1992).
Site Conclusion
Berrington Pool acceptable
Bomere acceptable
Crose Mere acceptable
Fenemere remove some fish
Marton Pool *
Pettypool nutrient control needed 
remove some fish
Quoisley Big Mere avoid fish stocking
Quoisley Little Mere avoid fish stocking
Tabley Moat nutrient control needed
White Mere acceptable
* not sampled in the survey.
2.4. Fish species present in each mere.
A survey (Smith & Moss, 1994) of fish in the West Midlands meres was compiled 
from the results of a literature search and questionnaire sent to various parties. The 
report summarised the available information on the presence, and sometimes 
abundance, of different species. Details of the occurrence of different species are 
given in Table 2.3.
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Table 2.3. Estimates of the presence and abundance (most abundant ++. small
numbers +~) of fish species in 10 Shropshire-Cheshire meres (after Smith & Moss. 
1994).
* Few fish were thought to be present in Quoisley Little Mere.
2.5. Netting protocol.
Single sample netting was carried out at each site (Winfield & Tobin, 1995). A 
similar number of nets and range of mesh sizes was used in order to standardise 
netting effort across sites (Table 2.4).
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Table 2.4. Number of panels and mesh sizes used to sample fish populations.
No panels Mesh sizes (mm)
2 10/10
2 15/15
2 25/33
2 25 / 33
4 50 / 75 / 50 / 75
The location of each net was set based on the expected distribution of fish at this time 
of the year. Most of the common species are widely distributed within the littoral 
region of most lakes of this kind (Goldspink, 1990). Thus, nets were usually set in 
relatively shallow water.
In an attempt to standardise fishing effort across sites the nets were set 2 hours before 
dusk and retrieved 1-2 hours later. In three meres (i.e. Marton Pool, Pettypool and 
Berrington Pool) sufficient fish were caught during the evening. However, very few 
fish were caught before dusk at White Mere and Crose Mere. Therefore in these two 
sites, the nets were re-set and retrieved the following morning (i.e. 1 -2  hours after 
sunrise). This is not an uncommon phenomenon in the Cheshire meres; fish are easier 
to catch at different times of the day in different meres (Goldspink, unpublished). Fish 
in the relatively large, clear water sites of Crose Mere and White Mere were probably 
migrating between the littoral and pelagic areas (see later) at this time of the year.
The three principal fish species in the meres are roach, Rutilus rutilus, perch, Perea 
fluviatilis, and pike, Esox lucius, which are largely diurnal foragers. Thus, behavioural 
differences between fish from different meres would influence the timing of the catch 
(i.e. dawn vs. dusk), but probably not the ‘effective netting time’ (i.e. 1-2 hours). 
Consequently, netting effort was assumed to be the same for all meres.
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2.6. Echo-soundings.
Echo-soundings (Eagle Lowrance 215) were taken at three sites (Marton Pool, White 
Mere and Pettypool). This was done in order to compare the abundance of fish caught 
in nets with the numbers of fish recorded on echo-sounding traces. The information 
was also required to provide an index of fish numbers which could be compared with 
the results of independent echo-soundings made by the NRA (Severn-Trent and 
North-West).
2.7. Fish numbers and size class.
The catch from each net was processed separately. Records of the number, size 
distribution (fork length - distance (cm) from the tip of snout to the tip of the mid- 
caudal rays) and species of each fish were kept.
2.8. Sex determination.
By October (survey start date), gonadal development of mature fish in the samples 
was sufficient to allow the sex of an individual to be distinguished. Immature fish 
were generally underyearlings and thus were not considered during assessment of sex 
ratios.
2.9. Dietary Analysis.
A number of different methods of analysing the diet of fish have been used (Ricker, 
1968). Most methods are semi-quantitative and often use a points system to compare 
diet across seasons (i.e. multi-sampling exercises). Since seasonal and temporal 
differences in diet were not required in this survey, the percentage occurrence (% of 
sample containing a food item) method was used to evaluate the diet of different 
species and age classes.
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The food eaten by a fish was assessed from the contents of it’s gut. In perch, pike and 
ruffe, Gymnocephalus cernua, the contents of the stomach were analysed. Cyprinids 
such as bream, Abramis brama, and roach do not possess a typical stomach (or pyloric 
caecae), but have a long intestine. For example the intestine of the roach is around 15 
times the body length of the fish (Maitland & Campbell, 1992). For the purposes of 
analysing the diets of roach, bream and tench, Tinea tinea, food items contained in 
the first loop of the intestine were considered (items become progressively more 
difficult to identify as they pass down the intestine).
Food items were scored on a presence or absence basis for each fish (% occurrence). 
Summed totals (% of fish containing the food item) indicate the percentage of fish in 
the sample which recently fed on that item. Although the same method was used to 
analyse the diet of juvenile pike (n = 6) which fed largely on invertebrates (see later), 
prey items of adult pike were identified (by species) and measured (fork length) 
individually, where possible.
2.10. Growth rates.
In order to determine the age and growth of fish, opercular bones and a sample of 
scales were taken from each fish.
The age of a fish was determined from the number of distinct growth rings (annuli) on 
the operculum bone. Checks were made against the number of annuli on scales 
(Ricker, 1968).
Growth rate was determined from back-calculations (Francis, 1990) of the annuli. The 
relationship between growth and length of roach, bream, pike and tench was 
considered to conform to a linear model. By contrast, the relationship between growth 
and length in perch and ruffe was considered to be logarithmic (Francis, 1990).
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Growth of females and males was considered separately because of intersexual 
differences in growth. Growth curves for male and female fish in different meres were 
described by the von Bertalanffy equation.
lt = L «(1 - e "K(t~to)) where:
L „ = maximum size towards which the length of the fish is tending 
K  = a measure of the rate at which length approaches L „
t o — a parameter indicating the (hypothetical) time at which the fish would have been 
zero size if it had always grown according to the formula.
Length:weight relationships, an indicator of the condition of the fish (Lammens,
1982), were not usually considered because multiple samples would be required over 
a number of months (e.g. seasonal variation).
2.11. Parasite screening.
Catches were examined for the presence of common species of parasite. The 
occurrence of ecto-parasites (i.e. Argulus sp.) was noted, on site, when retrieving the 
nets. Intestinal parasites such as Ligula intestinalis was recorded during dietary 
analysis. In addition, roach were examined for the presence of eye flukes (e.g. 
Diplostomum sp., results in prep.).
2.12. Birds.
A note of the presence of ‘important’ birds species was made at each site. No attempt 
to quantify the number of birds was made because counts needed to be made over a 
number of visits. Particular note was made of piscivorous birds and the presence of 
roosts (including gulls which may roost on the mere).
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3.0. Results.
3.1. General.
3.1.1. Sites sampled.
Preliminary visits were made to each site. Permission to sample fish populations in 5 
of the 10 meres was refused (Fenemere and Bomere in the Severn-Trent region and 
Quoisley Big Mere, Quoisley Little Mere and Tabley Moat in the North-West region), 
either by the owners or by representatives of angling clubs. Consequently information 
for these meres was derived from conversations with local anglers, representatives of 
angling societies and / or the lake owners.
Echo-sounding information for White Mere, Crose Mere, Berrington Pool, Marton 
Pool and Bomere (NRA Severn-Trent) was not available at the time of printing. NRA 
North-West were unable to obtain echo-soundings for Pettypool, Quoisley Meres and 
Tabley Moat.
3.1.2. Netting times.
Fish samples were taken from 5 meres on the dates indicated in Table 3.1.1. Fish were 
caught during the late evening at Berrington Pool, Marton Pool and Pettypool. By 
contrast, veiy few fish were caught during the evening at Crose Mere and White 
Mere. Fish were caught during the morning at these two sites (Table 3.1.1).
Table 3.1.1. Netting dates (1995) and time of day when fish were caught.
Site Date of netting Time of day j
Berrington Pool 18.10.95 late evening
Crose Mere 12.10.95 early morning
Marton Pool 28.9.95 late evening
Pettypool 4.10.95 late evening
White Mere 12.10.95 early morning
l l
B e r r i n g t o n  P o o l
3.2. B e rr in g to n  Pool (N a tio n a l g r id  re fe re n c e  S J  525 072).
3.2 .1 . P re lim in a ry  ob se rv a tio n s .
This sm all (2.5 ha) w ater has a  rather narrow  (est. 3 -5 m ) littoral zone. D am selflies 
(O donata) w ere abundant (som e dragonflies). D uring  tw o visits, no piscivorous birds 
w ere recorded  although coo t (F u lic a  a tra ) , m oorhen  (G allinu la  chloropus) and 
m allard  {Anas p laty rhynchos) w ere seen. P incers and  body segm ents o f  crustaceans 
w ere found n ear a  roden t burrow . The w ater tem perature  w as 13 degrees Celsius.
3.2 .2 . F ish  ca tch es.
The nets w ere positioned  as ind icated  (Fig. 3.2.1, Table 3.2.1). A  to tal o f  198 fish 
w ere caught from  B errington Pool (18.10.95). P erch  (n =  154) form ed the m ajority  o f  
the catch  although reasonable num bers (n  =  38) o f  roach  w ere caught. The ratio  o f  
roach:perch w as 0.25:1. T hree o ther species o f  fish w ere caught, bu t in  m uch sm aller 
num bers (i.e. 3 bream , 2 tench  and  1 p ike) than  roach  o r perch.
Table 3.2.1. N e t location  (Fig. 3.2.1) and  num bers o f  fish caught in B errington Pool 
(18.10.95).
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Fig. 3.2.1. The position  (A -E) o f  gill nets in B errington pool
3.2.3.1. Relative abundance and age class distribution.
a. Roach.
Thirty eight roach were caught in Berrington Pool (Table 3.2.2). Young fish (I and II 
year classes) were absent from the sample and fish between 3 and 4 years old were 
uncommon (n = 3). The majority (68.4%) of roach were from the V and VI age 
classes although several fish were VH + fish. The maximum age of roach in this 
sample was 9 years (n = 2).
Table 3.2.2. Year class distribution of roach in Berrington Pool.
3.2.3. Population structures.
Year class Number (%) of fish
1995 -
1994 -
1993 1 (2.6%)
1992 2 (5.3%)
1991 10 (26.3%)
1990 16(42.1%)
1989 5 (13.2%)
1988 2 (5.3%)
1987 2 (5.3%)
roui 3S
b. Perch.
The perch was the most abundant species of fish in Berrington Pool (Table 3.2.1). 
The maximum age achieved by perch in the pool was 5 years (n = 2). Around 2/3 of 
all perch caught were from a single cohort (1993). A further 16% of perch were from
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the 1992 year class. Similar numbers of young (i.e. O+ and 1+) perch were 
represented in the population (Table 3.2.3).
Table 3.2.3. Year class distribution of perch in Berrington Pool.
Year class Number (%) offish
.
1995 14(9.1%)
1994 11 (7.1%)
1993 102 (66.2%)
1992 25 (16.2%)
1991 2(1.3%)
lotal IM
c. Pike.
Only one small (est. 0.25 kg) pike was caught from Berrington Pool. This fish was 3 
(11+) years old (1993 cohort).
d. Bream.
Three bream were caught in the pool. Two bream were 7 year old fish and the other 
was from the 1994 year class. Very young (1995 year class) bream and bream of 
intermediate age (i.e. 3 -6  years old) were absent from the catch (Table 3.2.4).
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Table 3.2.4. Y ear class d istribution o f  bream  in  B errington Pool.
e. Tench.
Tw o tench  w ere  caught in  B errington Pool. O ne fish  w as from  the 1989 year class and 
the  o ther w as from  the  1991 year class.
3.2.3.2. Sex R a tio s .
a. Roach.
O verall, fem ale  roach  outnum bered m ales (1 .92 f:m , Table 3.2.5). W here bo th  sexes 
w ere represented  in  the  sam e year class (i.e. 1989 ,1990  and 1991), fem ale roach  w ere 
2 - 4  tim es m ore abundant than  m ales. The o ldest (n  =  2) roach  w ere fem ale  and the 
youngest (n  =  3 ) w ere m ale  (Table 3.2.5).
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T able  3.2.5. The num ber o f  m ale  and  fem ale roach from  different year classes in
Berrington Pool.
b. Perch.
O ver 20%  o f  underyearling perch  (n  =  14) w ere m ature. A ll m ature fish  from  the 
1995 year class w ere m ale. S im ilar num bers o f  m ale and  fem ale perch  w ere 
represented  in  the  1994 cohort (4 m ale, 6 fem ale). A m ong o lder perch  (HI +), fem ales 
outnum bered  m ales by over 3:1. The overall sex  ratio  am ong B errington’s perch 
(excluding  underyearlings) w as 3.23:1 in  favour o f  fem ales (T able 3.2.6).
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Table 3.2.6. The num ber o f  m ale  and fem ale perch  from  different year classes in
B errington Pool.
c. Pike.
O ne 3 year o ld  m ale  p ike w as caught from  B errington Pool.
d. Bream .
O f  3 bream  caught, one w as im m ature (1994 year class). T he o ther 2 b ream  (1989 
year class) w ere fem ale fish.
e. Tench.
B oth  tench  caught during  th is survey w ere m ale. O ne fish  w as from  the  1989 year 
class and the  o ther w as 2 years younger (1991 year class).
3.2 .4 . D iet.
a. Roach.
In B errington Pool, roach  had b een  foraging am ong plants and  sedim ents (Table 
3.2.7). M ost food  item s only  occurred in  a  few  individuals. The presence o f  dam selfly
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nymphs in the diet was not surprising given the abundance of adults at the site. A few 
(n = 3) mature (IV+) fish had been feeding on zooplankton {Daphnia sp.), but most 
were selecting larger food items.
Table 3.2.7. Food (% occurrence) of mature (IV +) roach in Berrington Pool.
|  Food it$m IV < >ear class <n -  26)
Damselfly nymph 7.7
Caddis larvae 3.8
Coleopteran adult 11.5
Chironomid larvae 15.4
Dipteran adult 7.7
Mollusc 19.2
Daphnia 11.5
Plant material 100.0
Filamentous algae 19.2
Detritus 22.3
b. Perch.
Underyearling perch fed on a number (n = 9) of different food items (Table 3.2.8). 
Most underyearlings fed on zooplankton, particularly copepods and Bosmina. Other 
common food items for young perch were chironomid larvae and damselfly nymphs. 
Ten different food items were found in the stomachs of 2 year old perch. As for 
underyearling perch, 2 year old fish were feeding on copepods. However, whereas 
most underyearling perch had been feeding on Bosmina most 2 year old perch had 
been feeding on Daphnia. In addition, Chironomids and Chaoborus were common 
items in the stomachs of 2 year old perch. Perch from the HI + age classes fed on a 
wide range (n = 16) of food items. Daphnia and copepods were the most common 
items of zooplankton in the diet of older perch. Chironomids, chaoborids, alderfly 
larvae and damselfly nymphs were regularly found in the stomachs of III + perch. Fish
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fry (1 roach fry and 1 unidentified fish) were seldom (n = 2) recorded in the stomachs 
of perch in Berrington Pool.
Table 3.2.8. Food (% occurrence) of perch from different year classes in Berrington 
Pool.
Food item 1 year class 
(n = 14)
11 year class 
(n -  10)
Ill i year class IJ
IS
( n -  63) M
Fish fry - - 3.2
Chironomid larvae 35.7 60.0 44.4
Chironomid adult - 10.0 7.9
Chaoborus - 40.0 38.1
Alderfly larvae 
(Sialis)
20.0 25.4
Damselfly nymph 42.9 30.0 15.9
Caddis larvae - - 1.6
Corixids - - 3.2
Asellus 14.3 - 3.2
Gammarus 7.1 10.0 -
Dipteran larvae - - 1.6
Daphnia 7.1 80.0 63.5
Rotifera - - 1.6
Bosmina 71.4 10.0 3.2
Copepod 92.9 100.0 22.2
Ostracod 14.3 - -
Leptodora 35.7 20.0 1.6
Plant material - - 11.1
c. Pike.
The single pike caught from Berrington Pool had an empty stomach.
d. Bream.
The two bream had been feeding on benthic organisms (Table 3.2.9). 
Table 3.2.9. Food (% occurrence) of mature bream in Berrington Pool.
Food item VH \ear class \ n~2)
Chironomid larvae 100
Caddis larvae 100
Damselfly nymph 50
Mollusc 50
Plant material 100
Detritus 25
e. Tench.
Two male tench were caught from Berrington Pool. The gut of 1 fish was empty. The 
gut contents of the second male tench were analysed. The fish had been feeding on 6 
different food items. Molluscs and freshwater shrimps (Gammarus) formed part o f  
it’s diet as did insect food (i.e. damselfly nymphsr alderfly larvae and Chironomids).
In addition, the fish had been feeding on zooplankton (i.e. Daphnia and copepods).
3.2.5. Growth.
a. Roach.
No immature roach were caught in Berrington Pool. The growth of roach in 
Berrington Pool was slow for the species (Tables 3.2.10 and 3.2.11). Older (i.e. V+) 
male roach grew at similar rates (Table 3.2.10). Males from the 1992 cohort appear to 
have grown well compared to other cohorts. By contrast, the following cohort may 
have experienced poorer conditions for growth (Table 3.2.10). Females from the 1989
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cohort grew faster than other cohorts in Berrington Pool. The growth of female roach 
from other cohorts was similar (Table 3.2.11). Overall, the growth of roach was slow. 
Large roach were rare.
Table 3.2.10. Mean length (cm) for age of male roach from different cohorts 
(Berrington Pool).
Year 1 II ill IV V VI VII VIII K
1988 2 - 8.3 11.7 14.5 16.1 18.4 19.7 21.5
1989 1 - 8.4 12.0 15.6 17.8 19.7 20.3 -
1990 4 - 8.8 13.0 15.6 18.6 19.6 - -
1991 3 - 8.3 12.2 16.3 17.4 - - -
1992 2 - 9.4 14.2 17.9 - - - -
1993 1 - 8.1 10.4 - - - - -
Mean - 8.6 12.5 16.0 17.7 19.3 19.9 21.5 26.0 0.22
n = 0 13 13 12 10 7 3 2
Table 3.2.11. Mean length (cm) for age of female roach from different cohorts 
(Berrington Pool).
Year
class
n = 1 u 111" i v V VI VII VIII IX L - K
1987 2 - 9.7 13.0 16.6 18.0 21.3 22.7 24.3 25.3
1988 -
1989 4 - 10.3 14.9 19.0 21.7 23.4 24.6 -■ -
1990 12 - 8.3 13.4 17.2 19.9 22.1 - - -
1991 7 - 7.6 12.1 16.2 18.8 - - - -
Mean - 8.5 13.2 17.2 19.7 22.3 24.0 24.3 25.3 31.6 0.18
n = 0 25 25 25 25 18 6 2 2
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b. Perch.
Like roach, perch grew slowly in Berrington Pool (Tables 3.2.12 - 3.2.14). Males and 
females from the 1992 and 1994 year classes grew faster than perch from the other 
cohorts. The apparently poor growth of the 1993 cohort was probably related to the 
abundance of fish in this cohort (over 66% of the current population). It was probable 
that perch never attained the theoretical maximum size (L „) for perch in Berrington 
Pool.
Table 3.2.12. Mean length (cm) for age of male perch from different cohorts 
(Berrington Pool).
I  »
1992 5 - 10.5 14.5 16.4
1993 14 - 9.3 12.3 -
1994 4 5.9 10.3 - -
Mean 5.9 9.7 12.9 16.4 35.3 0.16
n = 4 23 19 5
Table 3.2.13. Mean length (cm) for age of female perch from different cohorts 
(Berrington Pool).
Year class y iE :, II . ni IV : V . . ..f l l r K
1991 2 - 9.8 14.1 18.8 23.2
1992 20 - 10.4 15.0 18.7 -
1993 46 - 9.3 13.1 - -
1994 6 6.1 10.7 - - -
Mean 6.1 9.7 13.7 18.7 23.2 >40 0.02
n = 6 74 68 22 2
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Table 3.2.14. M ean length  (cm ) o f  underyearling (1995 cohort) perch  in B errington 
Pool.
c. Pike.
T he grow th o f  p ike taken  from  Berrington Pool w as poor for this species in  the U.K. 
(n.b. based  on  1 fish; T able  3.2.15).
T able  3.2.15. L ength (cm ) for age o f  a  m ale  p ike in B errington Pool.
d. Bream .
A  single 2 year o ld  b ream  (im m ature) w as caught in  B errington Pool. It m easured  8.6 
cm  a t 1 year o ld  and  14.4 cm  a t 2  years o f  age. G row th o f  the tw o fem ale  b ream  (1989 
year class) w as sim ilar betw een  years (T able 3.2.16). Presum ably, i f  population  
num bers rem ain  low , b ream  m ay grow  to  a  reasonable size (>  50 cm ) in  B errington 
Pool (T able 3.2.16).
T able  3.2.16. M ean  length  (cm ) for age o f  fem ale bream  in B errington Pool.
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Tw o m ale  tench  from  different cohorts experienced sim ilar rates o f  grow th (Table 
3.2.17).
T able  3.2.17. M ean length  (cm ) fo r age o f  2 m ale  tench  in  B errington  Pool.
e. Tench.
3 .2.6. P a ra s i te  b u rd e n s .
In testinal parasites (results in p re p .)  w ere recorded  in a  num ber o f  perch  (3/14 
underyearlings, 3 /1 0 II year o ld  perch  and 1 2 /5 4 III+ perch).
3 .2 .7 . M in im u m  es tim a tes  o f  b iom ass.
See later.
3 .2 .8 . U n u su a l fin d in g s /  p ig m en ta tio n .
T he adipose tissue around  the  gut and, som etim es the  kidneys, w as found to  be  p ink 
in  co lour in  a  num ber o f  perch  exam ined. A  to ta l o f  50 perch  had  p ink  tissues. The 
in testines o f  young p erch  (n  =  24 fish  from  the  0 +  and  1+ age classes) h ad  a  norm al 
appearance. ‘P ink  perch ’ w ere three years o r o lder (i.e. 35/68 III and  1 5 /2 6 IV+ 
perch). B y  contrast, gu t co loration  o f  roach, bream , tench  and  pike in  B errington Pool 
w ere norm al and  con ta ined  no pigm ents. E xam ples o f  these fish  together w ith  
sam ples o f  dyes used  by  anglers are currently  being  analysed.
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Crose Mere
3.3. Crose Mere (National grid reference SJ 430 305V
33.1. Preliminary observations.
An echo-sounding survey (April 1991) of Crose Mere (NRA, Severn-Trent) indicated 
a low fish density. Similarly, sample netting by (a). Sport & Leisure Fisheries Ltd. and 
(b). Dr. J. Young of Liverpool University in the 1980’s produced few fish (a. 2 pike 
and 100 perch and b. 10 roach and 1 pike; Smith & Moss, 1994).
Over 200 gulls were recorded on each of 2 visits to the mere. Gulls were using the 
mere as a roost (pers. obs.) at this time of the year (October). Other birds included a 
grey heron, Ardea cinerea, the coot and moorhen. The water temperature was 15 
degrees Celsius.
3.3.2. Fish catches.
The nets were located as shown in Figure 3.3.1 and Table 3.3.1. A total of 94 fish 
were caught in Crose Mere. Although most (56.4%) fish were perch, roach formed a 
significant part (33%) of the catch (ratio of roachrperch = 0.58). The remaining fish (n 
= 10) were pike. Although no carp were caught in this survey, a 12 kg (26.5 lbs.) fish 
was caught by an angler (report in the journal Carp Talk, issue w/e 21.10.95). Only 
small numbers of carp are thought to be present in Crose Mere (John Clancy angling 
club match secretary,pers. comm.). Although eels (Anguilla anguilla) were not 
caught in the gill nets, eel slime was found on one net. Eels have been caught from 
Crose Mere (and White Mere) in the past (local angler,pers. comm.).
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Fig. 3.3.1. The position (A-E) of gill nets in Crose mere.
Table 3.3.1. N et location  (Fig. 3 .3 .1) and  num bers o f  fish  caught in  C rose M ere
(12.10.95).
3.3.3. P o p u la tio n  s tru c tu re s .
3 .3 .3 .I. R e la tiv e  a b u n d a n c e  a n d  ag e  c lass d is tr ib u tio n .
a. Roach.
M ost roach  in  C rose M ere belonged  to  the  sam e year class (1992). Y ounger f ish  w ere 
largely absent from  the  catch. Tw o o f  th e  4 exam ples o f  young (I and  II) roach in  
Table 3.3.2 w ere n o t caught in  g ill nets, b u t had  been  taken  from  the  stom achs o f  
pike. I f  these  fish  are  excluded, over 93%  o f  the sam ple w ere roach  from  the IV  age 
class. In  addition, C rose M ere p robably  contained  a  sm all num ber o f  o lder roach 
because a  fish  o f  around  0 .7  kg  (est.) escaped  w hen the nets w ere b e ing  lifted. Local 
anglers report ‘B ig ’ roach  in  C rose M ere  (J. C lancy, pers . comm.).
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T able 3.3.2. Y ear class distribution o f  roach  in  C rose M ere.
* bo th  fish  w ere taken  from  the stom ach o f  a  pike.
b. Perch.
Perch  belonged  to  one o f  2 year classes in  C rose M ere. U nderyearlings form ed the 
bu lk  (86.8% ) o f  the  catch  o f  perch and  outnum bered  perch  from  the 1994 year class 
(n  =  7) b y  over 6:1 (T able  3.3.3). O lder fish  ( m  +) w ere absent from  the catch.
Table 3.3.3. Y ear c lass distribution o f  perch  in  C rose M ere.
c. Pike.
T en  pike w ere caught during the  survey. A  surprisingly large num ber (n  =  6) o f  pike 
w ere from  the  1995 year class (Table 3.3.4). A  further three age classes o f  p ike  w ere 
represented  in  the  ca tch  (i.e. m ,  V I and  VII, Table 3.3.4).
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Table 3.3.4. Y ear c lass d istribution o f  p ike in  Crose M ere.
3.3.3.2. Sex ra tio s .
a. Roach.
O nly one year class contained  m ature individuals (Table 3.3.5). A m ong fish from  the 
1992 year class, m ales outnum bered  fem ales by over 1.4 to  1.
Table 3.3.5. The num ber o f  m ale and  fem ale roach  from  differen t year classes in  
C rose M ere.
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b. Perch.
A lm ost 50%  o f  underyearling perch reached  m aturity  by O ctober. A ll m ature fish 
from  the 1995 year class w ere m ale. Perch  (n  =  7 ) from  the 1994 year class w ere 
m ature. A m ong 2 year o ld  perch, fem ales w ere m ore abundant than  m ales (Table 
3.3.6).
Table 3.3.6. T he num ber o f  m ale and fem ale perch  from  different year classes in 
Crose M ere.
c. Pike.
A ll 6  underyearling p ike  w ere im m ature (T able 3.3.7). Three o f  the four m ature pike 
w ere fem ale fish. M ature  m ale  and  fem ale fish  w ere from  differen t cohorts.
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Table 3.3.7. T he num ber o f  m ale  and  fem ale  pike from  different year classes in Crose
M ere.
3 .3 .4 . P ie t .
a. Roach.
R oach  in  C rose M ere, fed  on  a  w ide range o f  food item s (n =  14). Z ooplankton w as 
an  im portan t com ponent o f  the  d iet o f  m ature  roach  (Table 3.3.8). M ost roach  had  
been  feeding  on  m olluscs a n d  Chironomids. In  addition, around 25%  o f  roach  sam pled 
had  been  feeding  on  C haoborus, a  food  m ore usually associated  w ith  the d iet o f  
perch. O ther invertebrate food  included  Corixids, G am m arus and  Asellus.
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Table 3.3.8. Food (% occurrence) of roach (IV age class) in Crose Mere.
f ood item IV age class (n °1)
Mollusc 78.9
Chironomid larvae 61.9
Chironomid adult/pupae 10.5
Chaoborus 26.3
Corixids 9.5
Gammarus 10.5
Asellus 5.3
Daphnia 14.3
Copepods 10.5
Leptodora 31.6
Ostracods 5.3
Plant material 15.8
Filamentous algae 10.5
Detritus 12.2
b. Perch.
Chaoborus was an important and large {pers. obs.) part of the diet of both age classes 
of perch at this time of the year (Table 3.3.9). Perch from the 1994 year class had a 
restricted diet breadth (n = 3 items) and zooplankton still featured in their diet (Table
3.3.9). By contrast, underyearling perch were selecting a range of foods. Although all 
44 underyearling perch had been eating Chaoborus; Corixids, Chironomids and 
Asellus were common food items. Fish fry were not recorded in the stomachs of perch 
from Crose Mere.
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Table 3.3.9. Food (% occurrence) of perch from different age classes in Crose Mere.
 Food item I age class (n -  44 j TI age class (ti -  6) |
Chironomid larvae 13.6 16.7
Chironomid adult/pupae 13.6 -
Chaoborus 100.0 83.3
Corixids 13.6 -
Coleopteran larvae 4.5 -
Gammarus 4.5 -
Asellus 31.8 -
Damselfly nymph 2.3 -
Daphnia - 50.0
c. Pike.
Three of the 6 young (I age class) pike caught in Crose Mere had empty stomachs. 
Four food items occurred in the stomachs of the other 3 underyearling pike (Table
3.3.10). Damselflies and Asellus were the most common food items. Underyearling 
pike had not eaten fish fry (Table 3.3.10).
Table 3.3.10. Food (% occurrence) of underyearling pike in Crose Mere.
I  Food item I age class (n ~ 3) 1
Chironomid larvae 33.3
Asellus 66.7
Damselfly nymph 100.0
Damselfly adult 66.7
Four adult pike were caught in Crose Mere. The stomachs of 2 fish (1 male and 1 
female) were empty. The remaining two pike had recently eaten roach (n = 3) and 
perch (n = 1) (Table 3.3.11). In addition, pike attacked 4 roach caught in the nets. 
Pike attacked roach were between 20.8 and 24 cm. long.
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Table 3.3.11. Prey items found in the stomachs of adult pike from Crose Mere.
Number of pike 
sampled
Number with 
empty stomachs
Number containing 
fish prey
Prey items.
4 2 2 (a. and b.)
a. 4.5 & 5 cm roach
b. 12.5 cm perch & 
22-24 cm roach *
* This fish had been digested. However, an estimate of it’s size (cm) was determined 
from the size of the pharyngeal bone found in the stomach.
3.3.5. Growth.
a. Roach.
Roach grew at a reasonable rate for the species, in Crose Mere (Tables 3.3.12- 
3.3.14). Unfortunately, fish from older (IV +) year classes were not available. 
However, Crose Mere probably contained some large roach.
Table 3.3.12. Mean length (cm) for age of male roach from the 1992 cohort (Crose 
Mere).
[ Year class n~  I n | m IV I , A
1992 17 - 11.6 16.5 22.0
Mean - 11.6 16.5 22.0 >40 0.04
n - 0 17 17 17
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Table 3.3.13. M ean length (cm ) fo r age o f  fem ale roach  from  the  1992 cohort (Crose
M ere).
Y ear class n  - I 11 HI IV L \  . A
1992 12 - 11.5 17.5 23.7
M ean - 11.5 17.5 23.7 > 4 0 0.02
n  = 0 12 12 12
Table 3.3.14. M ean  length  (cm ) fo r age o f  im m ature roach  from  the 1994 and 1995 
cohorts (C rose M ere).
b. Perch.
From  the tw o age classes available (i.e. I and II), perch  appear to  grow  w ell in  Crose 
M ere (Tables 3.3.15 - 3.3.17). The early  age at m aturity  fo r m any o f  the m ale perch 
(Table ), absence o f  o lder (i.e. E  +) fish  suggest that the  population  was short lived 
(Tables 3.3.15 and  3.3.16).
Table 3.3.15. M ean  length  (cm ) fo r age o f  m ale perch  from  differen t cohorts (C rose 
M ere).
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T able 3.3.16. M ean  length  (cm ) fo r age o f  fem ale perch from  the  1994 cohort (Crose
M ere).
Table 3.3.17. M ean  length  (cm ) fo r age o f  undervearling (includes 19 m ature m ales) 
perch (1995 cohort) in  C rose M ere.
c. Pike.
T he m ean  length  o f  6  underyearling p ike in  C rose M ere w as 18.3 cm  (range: 16.3 - 
21.6 cm). T w o adu lt fem ale  p ike from  the  1989 cohort exhibited  average-good grow th 
for the  species (T able  3.3.18). A lthough the  lengths o f  these 2 fem ales w ere 
com parable (T able 3.3 .18), th e ir w eights w ere substantially  d ifferen t (i.e. the 76.3 cm  
fem ale w eighed  3 .7  k g  w hile the  76.2 cm  fish w as 4.5 kg). The th ird  adu lt fem ale (HI 
year class, est. w eigh t =  0.4 kg) had  n o t grow n particularly  w ell during the second and  
th ird  year o f  life  (T ab le  3.3.18). A nd, grow th o f  the 6 year o ld  m ale  p ike w as only 
average-poor (i.e. leng th  =  61 cm  and  w eigh t =  2 .0  kg).
In  addition, 2  p ike angling  com petitions (using deadbait only) w ere held  on  Crose 
M ere. The first com petition  (5 hour duration) w as fished  by  approxim ately  10 anglers. 
In to ta l, 5 p ike w ere caught. Tw o fish  w ere reasonably  large (i.e. 18 lbs and 15 lbs, est 
8.2 and  6 .8  kg.). T he second  com petition  took  place on  22.10.95. E leven  anglers 
com peted  in  the  5 hour m atch  b u t only 2 p ike  w ere caught (14 oz. and  12 oz.; i.e. 0.4
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kg  and 0.34 kg). O ne o f  the  com petitors, pleasure fishing C rose M ere earlier in 
O ctober (10.10.95) had  caught five pike (total w eight o f  52 lbs).
T able  3.3.18. M ean  length  (cm ) fo r age o f  adult pike in  C rose M ere.
3.3.6. P a ra s i te  b u rd en s .
N o intestinal o r ex ternal parasites w ere recorded  in  roach, perch  o r p ike from  C rose 
M ere. D etails o f  the  occurrence o f  eye flukes in  roach  are  in  preparation.
3 .3.7. M in im u m  es tim a tes  o f  b iom ass.
See later.
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M a r t o n  P o o l
3.4. Marton Pool (National grid reference SJ 295 027).
3.4.1. Preliminary observations.
Echo-soundings were produced for sections of the pool (Plates 3.4.1 - 3.4.8). A 
significant part of Marton Pool was over 10 feet deep (plates 3.4. la & b). In general, 
central areas of the pool were the deepest (plates 3..4.2a), although echo-traces did 
reveal a channel in the north-west section of the mere (plates 3.4.2b). Fish were 
distributed throughout the lake, but larger fish occurred mainly in deeper parts of the 
pool (3.4.1b - 3.4.5b). Fish, probably perch, were also recorded along sloping sections 
of the lake bed (plate 3.4.6a & b). Few ‘mid-water’ fish were recorded in the 
intermediate and shallower sections of the pool (plates 3.4.7a - 3.4.8b), although lots 
of small fish were seen ‘topping’ in sheltered (leeward) parts of Marton Pool (pers. 
obs.). The water temperature was 14 degrees Celsius.
During two visits, 2 pairs of great-crested grebes, Podiceps cristatus, (1 pair were 
foraging) and a solitary cormorant (Phalacrocorax carbo) were recorded. Other birds 
included the coot, moorhen, mallard and mute swan (Cygnus olor). Starlings (Sturnus 
vulgaris) and rooks (Corvus frugilegus) were using the reeds and overhanging bushes 
as roosts.
3.4.2. Fish catches.
The nets were positioned as indicated (Fig. 3.4.1, Table 3.4.1). In total, 255 fish were 
caught (28.9.95). Fish were mostly roach (n = 182) and perch (n = 70). The ratio of 
roach:perch was 2.6. Three pike were caught. There was no evidence of other fish 
during the survey (e.g. lost fish, slime on nets), although a local angler reported 
catching eels. No bream, carp, tench or trout were caught in the gill nets.
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Plate 3.4.1a & 3.4.1b. Echo-traces between points 1 & 2 (Fig. 3.4.1). A significant 
part of this section of pool is over 12 feet deep.
Plate 3.4.2a & 3.4.2b. Echo-traces between points 3 & 4 (Fig. 3.4.1). The deepest 
parts of Marton pool occurred here. Note uie channel towards the North-west of the 
lake.
Plates 3.4.3. Cross section through a deep (18-20 feet) part of Marton pool, 
highlighting individual fish.
s
I
Plates 3.4.4a & 3.4.4b. Marton pool is up to 24 feet deep. Note the abundance of fis 
below 10 feet (1630 hrs). Individual fish can be clearly seen in plate b. (scaled up 
version of the section of Marton pool featured in plate a).
Plate 3.4.5a & 3.4.5b. Scaled up sections (10-22 feet) of the central part of Martor 
pool (not featured in plates 3.4.1a & b). Fish were widely distributed across the 
deeper parts of Marton pool.
Plate 3 .4 .6a &  3.4.6b. N ote the presence o f  fish on the slopes o f  m arginal shelves. 
G roups o f  fish, usually  perch, often aggregate along sloping sections o f  the lake bed.
Plate 3.4.7a & 3.4.7b. Large fish were seldom recorded in mid-water from sections of 
Marton pool of median (approx. 12 feet) depth.
Plate 3.4 .8a &  3.4.8b. Free-sw im m ing fish  w ere seldom  recorded  in  the shallow er (4 
8 fee t deep) parts o f  the  pool (n.b. large num bers o f  sm all fish  w hich  occurred in  the 
upper 2 feet o f  the poo l are not shown here).
Fig. 3.4.1. The position  (A -E) o f  gill nets and transect lines (poin ts 1*4) in  M arton
pool.
Table 3.4.1. N e t location  (Fig. 3.4.1) and num bers o f  fish  caught in  M arton Pool
(28.9.95).
3 .4 .3 . P o p u la tio n  s tru c tu re s .
3 .4 .3 .I. R e la tiv e  a b u n d a n c e  a n d  ag e  class d is tr ib u tio n .
a. Roach.
A  to tal o f  182 roach  w ere caught in  M arton  Pool (T able 3.4.2). M ost (n  =  177) w ere 
from  the I  - IV  age classes. A round  83%  o f  all roach belonged  to  the  9 2 ,9 3  and  95 
cohorts. T here  w ere few er roach  from  the 1994 cohort, although this year class still 
constitu ted  over 13%  o f  a ll roach  caught. Few  roach  lived  longer than  4 years in 
M arton  Pool. Sm all num bers o f  o lder (i.e. >  V  ) roach  w ere caught. The m axim um  
age o f  roach  in  M arton  Pool w as 7  years (Table 3.4.2).
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Table 3.4.2. Year class distribution of roach in Marton Pool.
Year class Number (%) of hsh
1995 57(31.3%)
1994 42 (23.1 %)
1993 24 (13.2 %)
1992 54 (29.7 %)
1991 2 (1.1 %)
1990 1 (0.5 %)
1989 2(1.1 %)
Total 182 1
b. Perch.
Perch (n = 70) in Marton Pool did not exceed 5 years of age. Most (77%) belonged to 
one of two strong cohorts (93 and 95). The remaining (n = 16) perch were distributed 
among the 3 other (94,92 and 91) cohorts (Table 3.4.3).
Table 3.4.3. Year class distribution of perch in Marton Pool.
Year class Number (°i>) of fish |
1995 25 (35.7 %)
1994 6 (8.6 %)
1993 29 (41.4 %)
1992 5(7.1%)
1991 5(7.1%)
Total 70 |
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c. Pike.
T hree p ike w ere caught in  M arton  Pool. Tw o fish w ere from  the 1992 year class. The 
th ird  p ike w as a  year younger (1993 year class). P ike o lder than  4 o r younger th an  3 
years o f  age w ere absent from  the  catch  (Table 3.4.4).
Table 3.4.4. Y ear class d istribu tion  o f  p ike in  M arton  Pool.
3.4.3.2. Sex ra tio s .
a. Roach.
R oach  from  th e  1995 and  1994 year classes (i.e. I  and  II) w ere im m ature (Table 
3.4.5). T he overall sex  ratio  w as b iased  in  favour o f  m ales (2 .07 m:f). R oach  from  the 
1993 ,1992  and  1991 year classes w ere dom inated by  m ales. Few  (n  =  3) o lder fish  
w ere caught (1 m ale, 2 fem ale).
b. Perch.
A  num ber o f  perch  m atured  during  their first year o f  life (i.e. 8/16 sam pled). M ature  
underyearling perch  w ere m ale  (T ab le  3.4.6). Perch  from  the  1994 year class w ere not 
represented  in  the  catch. Fem ales dom inated  the larger age classes (i.e. >  ID) o f  perch. 
O verall, th e  sex  ratio  w as around b iased  in  favour o f  fem ales (1.47 f:m). I f  
undeiyearlings a re  excluded  (50%  w ere im m ature), fem ale  perch  outnum bered  m ales 
by 2.55:1.
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Table 3.4.5. N um ber o f  m ale and fem ale roach  from  different year classes in  M arton
Pool.
Table 3.4.6. N um ber o f  m ale  and fem ale  perch  from  different year classes in  M arton 
Pool.
c. Pike.
O nly three p ike  w ere  caught from  M arton  Pool. B oth  pike from  the  1992 year class 
w ere m ale, w hile  the  younger (i.e. I ll)  fish  w as a  fem ale (T able 3.4.7).
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Table 3.4.7. N um ber o f  m ale  and  fem ale pike from  differen t year classes in M arton
Pool.
3 .4 .4 . D iet.
a. Roach.
U nderyearling roach  w ere feeding  on  a  range ( n =  13) o f  food  item s (Table 3.4.8). 
Z ooplankton  (including  B osm ina) w as frequently  found in  the  guts o f  young (1995 
cohort) roach. In  addition, young fish had already  begun to  take  a  num ber o f  o ther 
food item s, no tab ly  m olluscs and  Chironomids and w ere foraging, a t least in  part, in 
the  sedim ents (detritus) and  am ong m acrophytes. B y contrast, zooplankton perhaps 
w ith  the excep tion  o f  D aphnia , form ed a  sm aller part o f  the d iet o f  II + roach than  it 
d id  fo r underyearlings (T able 3.4.8). O lder (II + ) roach  tended  to  select larger food  
item s such as Chironomids, m olluscs and C haoborus. .
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Table 3.4.8. Food (% occurrence) of roach from different age classes in Marton Pool.
Food item I age class 
(n==18)
11 age class nr h age class 
(n = 26)
Mollusc 61.1 68.8 42.3
Chironomid larvae 72.2 75.0 38.5
Chironomid
pupae/adult
11.1 12.5 26.9
Chaoborus 5.6 - 53.8
Caddis larvae - - 3.8
Dipteran larvae - - 3.8
Dipteran adult - - 3.8
Corixids 11.1 12.5 11.5
Hymenoptera 5.6 - -
Hemiptera - - 3.8
Coleopteran larvae 5.6 - -
Daphnia 33.3 12.5 15.4
Copepods 27.8 6.3 -
Leptodora 11.1 - -
Bosmina 5.6 - -
Plant material 22.2 43.8 46.2
Filamentous algae - - 7.7
Detritus 14.7 14.6 10.0
b. Perch.
Underyearling perch fed on a number (n = 7) of food items (Table 3.4.9). 
Zooplankton, particularly copepods and Daphnia, often occurred in the stomachs of 
young (1995 cohort) perch. However, the most common food items for 1 year old 
perch were Chironomids and chaoborids. Older perch (II +) seldom preyed on 
zooplankton (Table 3.4.9) at this time of the year. As in younger perch, perch older 
than 2 years frequently selected Chironomids and, to a lesser extent, chaoborids.
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Fish fry were found in the stomachs of 9 perch (34.5% of II + perch). The stomachs of 
6 perch contained 1 fry. Three prey items could not be identified, but the other 3 were 
small perch (FL = 8 cm, 8 cm, ?cm). A further fish (unidentified) was around 8 cm 
long. One perch was found to contain 2 small fiy (1 perch and 1 unidentified). Also, 3 
perch had recently eaten 3 fish fry each. Only 1 of these fiy could be identified (5 cm 
roach) but 5 of the other 8 prey items were between 4 and 5 cm in length.
Table 3.4.9. Food (% occurrence) of perch from different age classes in Marton Pool.
 Food item 1 age class 16)
■' ..—• ' jig
11 age classes (n = 29)
34.5Fish fry
Chironomid larvae 93.8 60.7
Chironomid adult 87.5 39.3
Chaoborus 43.8 -
Caddis larvae - 7.1
Dipteran adult - 7.1
Gammarus 6.3 -
Asellus - 3.6
Corixids - 3.6
Notonecta - 3.6
Daphnia 31.3 -
Copepods 31.3 -
Ostracods 6.3 -
Bosmina - 3.6
Plant material - 3.6
c. Pike.
The Marton Pool pike were not weighed. Although the pike were not large fish (est. 
0.9 - 2.25 kg) they appeared to be in good condition. Two of the three pike caught
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had empty stomachs and the stomach of the third fish only contained a single small 
(6.0 cm) roach (Table 3.4.10). In addition, 2 larger roach (16.5 and 17.5 cm) were 
attacked by pike while in the gill nets.
Table 3.4.10. Prey items found in the stomachs of pike from Marton Pool.
' Number of pike 
sampled
Number with 
empty stomachs
Number containing 
fish pre>
Prey items
3 2 1 6.0 cm roach 
(n= l )
3.4.5. Growth.
a. Roach.
Low numbers of older fish, in particular, make comparisons across all cohorts 
difficult to interpret (Tables 3.4.11 - 3.4.12). However, among the younger age classes 
(i.e. < IV), roach from different cohorts experienced different rates of growth (Tables
3.4.11 and 3.4.12). There was an apparent decline in the mean lengths of males and 
females at 2 years old (immature = males + females). The large (for age) 
undeiyearling roach probably benefited from the hot summer of 1995 (Table 3.4.13). 
Although roach have probably grown large (female L _ > 40) in Marton Pool (Tables
3.4.11 and 3.4.12), maximum sizes may decline if large numbers of smaller fish 
survive.
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Table 3.4.11. M ean length  (cm ) for age o f  m ale roach from  different cohorts (M arton
Pool).
Table 3.4.12. M ean  length  (cm ) fo r age o f  fem ale roach  from  different cohorts 
(M arton Pool).
T able  3.4.13. M ean  lengths (cm ) o f  im m ature roach  from  th e  1994 and 1995 cohorts 
(M arton Pool).
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b. Perch.
M ale and  fem ale  perch  from  the  II, i n  and  IV  age classes appear to  have grow n better 
than  perch  from  the 1991 cohort (Tables 3 .4 .14 and 3.4.15). In  addition, 
underyearlings (i.e. the 1995 cohort) g rew  w ell and reached  a  respectable size during 
their first year (T able 3.4.16). M arton  Pool probably contained  a  num ber o f  
reasonably  large perch.
Table 3.4.14. M ean  length  (cm ) fo r age o f  m ale  perch  from  differen t cohorts (M arton 
Pool).
Table 3.4.15. M ean  length (cm ) fo r age o f  fem ale perch from  different cohorts 
(M arton Pool).
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Table 3.4.16. M ean length (cm ) o f  undervearling (1995 cohort) perch from  M arton
Pool.
c. Pike.
B oth  m ale  p ike g rew  at a  sim ilar ra te  during their fou r years o f  life (Table 3.4.17). 
Grow th o f  the fem ale pike w as, as expected, faster than  tha t o f  the  m ales. H ow ever, 
the  grow th o f  p ike in  M arton  Pool w as unexceptional fo r the  species (see later). Large 
p ike w ere probably  rare in  M arton  Pool.
Table 3.4.17. M ean length  (cm ) fo r age o f  pike in  M arton  Pool.
3 .4 .6 , P a ra s i te  b u rd e n s .
A  num ber (results in p re p .)  o f  roach  h ad  eye flukes {Diplostomum sp.) and / o r the 
ecto-parasite , A rgulus sp. A can thocephala  sp. (in testinal parasite) w as found in  the 
gut o f  one perch  (3 .1%  o f  sam ple).
3 .4 .7 . M in im u m  es tim a tes  o f  b iom ass.
See later.
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P e t t y p o o l
3.5. Pettypool (National grid reference SJ 619 701).
3.5.1. Preliminary observations.
Echo-traces were produced (4.10.95) for 6 transects in Pettypool (plates 3.5.1 - 3.5.6). 
The gently sloping, almost flat, nature of much of the lake bed (plates 3.5. la - 3.3.3a) 
was a reflection of anthropogenic influences (artificially enlarged mere). Most of the 
pool was between 6 and 8 feet deep. A channel (probably an old stream bed), 1-2 feet 
below the surrounding lake-bed, ran the length of Pettypool (plates 3.5.4a - 3.5.6). 
‘Mid-water’ fish were absent from large sections of the pool. But, a few small fish 
were recorded in the channel along the eastern side of the mere (plates 3.5.4a - 
3.5.5b). The majority of fish recorded by echo-sounding were located near to or 
within the deepest parts of the mere (3.5.3a and 3.5.6).
A great-crested grebe, a heron, a ruddy duck and around 15 black-headed gulls, Larus 
ridibundus, and a ruddy duck were seen during the visit. Algal blooms were evident. 
The water temperature was 13.5 degrees Celsius.
3.5.2. Fish catches.
The nets were positioned as indicated (Fig. 3.5.1, Table 3.5.1). A total of 76 fish were 
netted from Pettypool. Roach were the most numerous (n = 46) species. Roach 
outnumbered perch by over 4:1 (Table 3.5.1). Two other cyprinids, the bream (n= 14) 
and carp, Cyprinus carpio (n = 2), were caught from Pettypool. The carp (i.e. 1 mirror 
carp, est. 7 kg, and 1 common carp, est. 3.6 kg) were returned alive to the water. In 
addition, 3 small pike were caught in Pettypool. An angler claimed the pool contained 
large pike. A large fish (probably a pike) escaped from one net.
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Plates 3.5. la & 3.5.1b. Echo-traces between points 1 and 2 (Fig. 3.5.1). Note the 
evenness of the lake bed and lack of fish in mid water (1600 hrs).
Plates 3 .5 .2a &  3.5.2b. Echo-traces betw een points 1 and 2 (continuation  o f  plates 
&  lb , Fig. 3.5.1). A  few  fish w ere recorded in m id-w ater around the  deepest (9-10 
feet) section o f  the pool.
Plates 3.5.3a & 3.5.3b. Echo-traces between points 1 and 2 (continuation ot plates. 
& 2b, Fig. 3.5.1). 3a. Cross section of a deeper (+ 1-2 feet) channel which runs the 
length Pettypool. 3b. Most of the lake is less than 8 feet deep.
Plates 3.5.4a & 3.5.4b. Echo-traces between points 3 & 4 and points 5 & 6 (Fig. 
3.5.1). Few fish were recorded in mid-water (1630 hrs). Note the deeper channel 
which runs along the Golf course side of Pettypool.
Plates 3.5.5a & 3.5.5b. Echo-traces between points 7 & 8 and points 8 & 9 (Fig. 
3.5.1). Occasional small fish occur in mid-water (5-6 feet) above the channel (7-8 
feet).
Plate 3.5.6. Echo-trace between points 10 & 11 (Fig. 3.5.1). Fish were beginning t 
move off the bed of the deepest part of Pettypool. Bream and carp were netted fro 
here.
Fig. 3.5.1. The position (A-E) of gill nets and transect lines (points 1-11) in Pettypool.
Table 3.5.1. Net location (Fig. 3.5.1) and numbers of fish caught in Pettvpool
(4.10.95).
'Mesh sizes (mm). Roach Perch Pike liream
A 25/33 19 4 1 - -
B 25/33 17 4 - - -
C 50/75/50/75 1 - 2 14 2
D 10/10 1 2 - - -
E 15/15 8 1 - - -
Total- . 46 11 3 14
m
2
3.5.3. Population structures.
3.5.3.I. Relative abundance and age class distribution.
a. Roach.
Forty six roach were caught from Pettypool. Young (1 age class) roach were absent 
from the catch. Most (> 56%) roach belonged to a single year class (1993). But, 
significant numbers of 2 and 4 year old roach were represented in the catch (19.6 and 
15.2% respectively). Small numbers of old (V +) roach were recorded (Table 3.5.2).
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Table 3.5.2. Year class distribution of roach in Pettvpool.
|  Year class Number (%) ol fish
1995
1994 9 (19.6%)
1993 26 (56.5%)
1992 7(15.2%)
1991 1 (2.2%)
1990 2 (4.3%)
1989 1 (2.2%)
| - T r i a l 46
b. Perch.
Only 11 perch were caught in Pettypool (Table 3.5.3). Perch were either 
underyearlings (n = 2) or from the 1994 year class (n = 9).
Table 3.5.3. Year class distribution of perch in Pettvpool.
Year class Number (%) of fish
1995 2(18.2%)
1994 9(81.8%)
Total 11
c. Pike.
Two of the 3 pike caught were from the 1989 year class. The third fish was 10 years 
old (1986 year class). Pike from other year classes were absent from the catch.
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d. Bream.
Fourteen bream were caught in Pettypool. Most (85.7%) belonged to a single year 
class (1989). Although 2 bream were older fish (i.e. 13 and 17 years old), young 
bream (< VO) and bream from intermediate year classes were not represented in the 
catch.
3.S.3.2. Sex ratios,
a. Roach.
Roach in Pettypool did not reach maturity until their third year of life (Table 3.5.4). 
Mature male roach were only represented in a single year class (1993). The remaining 
fish (n = 25) were all female. The overall sex ratio for roach in Pettypool was 2.08:1 
f:m.
Table 3.5.4. The number of male and female roach from different year classes in 
Pettvpool.
1 Year class Sample size Male Female Immature I
1995 - - - -
1994 9 - - 9 (100%)
1993 26 12 (46.2%) 14 (53.8%) -
1992 7 - 7 (100%) -
1991 1 - 1 (100%) -
1990 2 - 2 (100%) -
1989 1 - 1 (100%) -
12 2)
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b. Perch.
Few  (n  =  10) m ature perch  w ere recorded in  Pettypool (Table 3.5.5). M ost (70% ) 
w ere fem ale perch. B oth  underyearling perch  w ere m ature m ale  fish.
Table 3.5.5. T he num ber o f  m ale  and fem ale perch  from  differen t year classes in  
Pettvpool.
c. Pike.
A ll three p ike w ere fem ale fish.
d. Bream .
T he oldest b ream  (1979 year class) w as a  m ale  fish. The second oldest b ream  (1983 
year class) w as a  fem ale fish. O f  the rem aining 12 bream  (1989 year class) m ost 
(75% , n  =  9) w ere  m ale.
3.5.4. P ie t.
a. Roach.
R oach  over 2 years o ld  w ere benthophagic (Table 3.5.6). R oach  from  the 1994 year 
class had  been  feed ing  on  a  lim ited  range (n  =  5) o f  food  item s. M olluscs and  p lan t 
m aterial w ere th e  m ost com m on food  item s o f  2 year o ld  roach. A  w ider range (n =  8) 
o f  food item s w ere found  in  the  in testines o f  o lder roach  (i.e. I ll  +). M olluscs, caddis
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larvae, chironomid larvae and plant material were frequently taken by mature roach 
(Table 3.5.6).
Table 3.5.6. Food (% occurrence) of roach from different age classes in Pettvpool.
I Food item TT age class (n 6) Ill + age classes i 
(n -  20)
Mollusc 66.7 85.0
Caddis larvae 16.7 50.0
Chironomid larvae 16.7 30.0
Sialis - 10.0
Dipteran adult - 5.0
Coleopteran larvae - 20.0
Plant material 16.7 35.0
Filamentous algae 50.0 -
Detritus - 5.3
b. Perch.
Only 4 food items were found in the stomachs of Pettypool’s perch (Table 3.5.7). 
Perch fed on freshwater shrimp {Gammarus), water slater (Asellus) and water 
boatmen (Corixids) in addition to fish fry. Four perch had fish fry in their stomachs. 
Three contained a single fry (8 cm perch and 2 unidentified fry). Another perch had 
eaten three fry. Although 1 of the fry could not be identified, the other 2 were perch 
fry (2 x 6.5 cm). Thus, cannibalism was evident among Pettypool’s perch population.
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Table 3.5.7. Food (% occurrence) of perch from different age classes in Pettvpool.
I Food item I & II age classes (n Sj
Fish fry 50.0
Corixids 37.5
Gammarus 12.5
Asellus 12,5
c. Pike.
Two of the 3 pike caught in Pettypool had empty stomachs. Three small (4-6 cm), 
unidentified, fish fry were found in the stomach of the third fish. Pettypool pike 
appeared to be in poor condition (pers. obs.). One roach (17 cm) was attacked by a 
pike while it was in a net.
d. Bream.
Most bream were feeding on two food items (Chironomids and chaoborids, Table
3.5.8). Other common (for bream) food items were seldom recorded or were absent 
from the diet of mature bream at this time of the year (October). No oligochaete 
chaetae (crochets) were seen.
Table 3.5.8. Food (% occurrence) of bream from different age classes in Pettvpool.
-  lj \
Chironomid larvae 72.7
Chironomid adult 9.1
Caddis larvae 9.1
Chaoborus 100.0
Ostracods 18.2
Detritus 5.0
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3.5.5. Growth.
a. Roach.
The growth of roach in Pettypool was unexceptional for the species (Tables 3.5.9 - 
3.5.11). Growth rates appear to have declined over the past few years, although low 
numbers of fish from many cohorts preclude a more definitive conclusion. At present, 
few roach probably live to lengths approaching the predicted asymptote (i.e. L„).
Table 3.5.9. Mean length (cm) for age of male roach from the 1993 cohort 
(Pettvpooll
1993 12 - 11.0 16.4
L „ i
Mean - 11.0 16.4 >40 0.06
n = 0 12 12
Table 3.5.10. Mean length (cm) for age of female roach from different cohorts 
(Pettvpool).
Year cla&s » - i a W IV VI VII L .
*
1989 1 - 1 1 .1 18.5 22.3 25.2 28.0 29.0
1990 2 - 14.2 18.6 23.3 25.3 26.9 -
1991 1 - 11.8 18.4 21.9 23.6 - -
1992 7 - 10.7 16.2 21.0 - - -
1993 14 - 11.2 17.2 - - - -
Mean - 11.3 17.1 21.6 24.9 27.3 29.0 >40 0.17
n = 0 25 25 11 4 3 1
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Table 3.5.11. Mean length (cm) for age of immature roach from the 1994 cohort
b. Perch.
No immature perch were caught in Pettypool. Growth of 1 and 2 year old male and 
female perch was moderate for the species (Tables 3.5.12 and 3.5.13), although older 
(HI +) and larger (> 20 cm) fish were absent from the population, suggesting perch 
were short lived in Pettypool.
Table 3.5.12. Mean length (cm) for age of male perch from different cohorts 
(Pettvpool).
1 Year class  ^ 1 II K |ffi
1994 1 - 17.2
1995 2 7.5 -
Mean 7.5 17.2 >40 0.13
n = 2 1
Table 3.5.13. Mean length (cm) for age of female perch from the 1994 cohort 
(Pettvpool).
1994 7 10.3 18.2 —
Mean 10.3 18.2 >40 0.27
n = 7 7
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c. Pike.
The growth of pike in Pettypool was poor. Individuals appeared to grow at similar 
rates, but did not attain a large size for the species (Table 3.5.14).
Table 3.5.14. Mean length (cm) for age of pike in Pettvpool.
class
I III VI VJI Vill IX X I  „ K
1989 fem 20.8 28.5 38.8 45.0 52.4 61.6 66.2 - - -
1989 fem 22.0 29.6 35.8 43.9 49.5 53.2 56.0 - - -
1983 fem 26.5 33.6 38.9 46.7 51.8 57.1 60.6 63.9 65.8 69.8
Mean 23.1 30.6 37.8 45.2 51.2 57.3 60.9 63.9 65.8 69.8 71.0 0.29
d. Bream.
Male and female bream in Pettypool exhibited good rates of growth (Tables 3.5.15 
and 3.5.16). Annual increments were sustained (Tables 3.5.15 and 3.5.16).
Table 3.5.15. Mean length (cm) for age of male bream from the 1989 cohort 
(Pettvpool).
Year class 1 I X m | iv V VI VII 1
1989 9 - 16.7 22.5 28.2 33.8 36.6 38.7
The growth (cm) of the 17 year old male bream is illustrated in Figure 3.5.2. The L 
value for male bream was 46.7 cm (K = 0.22).
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Fig.3.5.2. Growth (cm )
of a male bream (1979 year 
c lass) in Pettypool.
T able  3.5.16. M ean  length (cm ) fo r age o f  fem ale b ream  from  the  1989 cohort
(PettvpoolY
The grow th (cm ) o f  the  13 year o ld  fem ale bream  is illustrated  in  Figure 3.5.3. T he L 
» value fo r fem ale  bream  w as 50.4 cm  (X =  0.20).
3.5 .6 . P a ra s i te  b u rd en s .
A rgulus w ere recorded on  som e (unsorted) roach  although no t on  bream . B y contrast, 
m ost (75% ) roach  and  bream  had  ‘b lack  spot’ (N eascus). In testinal parasites w ere 
found in  roach  and  perch. T hree roach  from  the  IH year c lass (i.e. 25% ) and a  2 year 
o ld  roach  (i.e. 11.1% ) w ere in fected  w ith  L igula. A canthocephala w as found in  the  
intestines o f  2 perch  (28.6%  o f  sam ple).
3 .5 .7 . M in im u m  es tim a tes  o f  b iom ass.
See later.
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Fig.3.5.3. Growth (cm )
of a female bream (1983 year 
class) in Pettypool.
W h i t e  M e r e
3.6. White Mere (National grid reference SJ 415 330).
3.6.1. Preliminary observations.
White Mere was the largest (25.5 ha) of the meres sampled in this survey. Echo- 
soundings made along 4 transect lines (plates 3.6.1a - 3.6.2b) indicated that White 
Mere contained a number of pools to 38 feet deep. Significant areas of shallower (< 
12 feet) water bordered the pools (plates 3.6. la - 3.6.2b). During the late afternoon 
(1600-1700 hrs), most ‘mid-water’ fish were recorded in the deeper parts of White 
Mere (plates 3.6.1a - 3.6.2b). Other fish, probably perch, were located along sloping 
sections of the lake-bed (plate 3.6.2a - 3.6.2b). By 1800 hrs., fish, and possibly 
Chaoborm were beginning to move into shallower water (plates 3.6.3 - 3.6.5). The 
water temperature was 15.2 degrees Celsius.
During two visits 2 great-crested grebes, 4 herons and a number of moorhen and coot 
were seen. In addition, between 50 and 100 gulls were seen on the first visit. A 
cormorant roost is apparently situated adjacent to the lake.
3.6.2. Fish catches.
The nets were located as indicated in Figure 3.6.1 and Table 3.6.1. Roach (n = 56) 
and perch (n = 35) were the most abundant species, contributing 57.7 and 36.1% of 
the total number (n = 97) of fish caught, respectively (ratio of roach:perch = 1.60). 
Other fish caught in the sample included a solitary pike and a small number (n = 5) of 
ruffe. The ruffe had not been recorded in White Mere before. Although none were 
caught, a local angler suggested eels were present in White Mere.
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| Plates 3.6.1a & 3.6.1b. Echo-traces between points 1 & 2 and points 2 & 3 (Fig. 
3.6.1). During late afternoon (1600-1700 hrs) most fish were in the deeper water (12 
24 feet). Fish caught in nets (0400-0600 hrs) were in the shallows (<12 feet).
P lates 3 6  2a  &  3 6.2b. Echo-traces betw een points 4  & 5 and points 6 &  7 ( t  
r r ?  ^ n t e  m ere is up  to  38 fee , deep. D eep  pools (n  >  4) wrthm  the  m ere a 
ftinged  by  shallow er zones. F ish  along the slopes w ere probably perch.
Plate 3.6.3. Fish, and possibly chaoborus (dark zones), were beginning (1800 hrs) 
migrate, vertically and laterally, from deep to shallower water.
Plate 3.6.4. Enhanced (10-30 feet) section of the central pool in White mere (180C 
hrs). Note the large number of fish in mid-water (possibly roach).
Plate 3.6.5. Enhanced (10-30 feet) section across the marginal shelf and central pc
Fig. 3.6.1. The position (A-E) of gill nets and transect lines (points 1-6) in White
mere.
Table 3.6.1. Net location (Fig. 3.6.1) and numbers of fish caught in White Mere
(12.10.951
Net location point Mesh sizes (mm) Roach Perch Pike Ruffe
A 25/33 47 4 1 -
B 25/33 8 1 - -
C 15/15 - 29 - 5
D 50/75/50/75 - - - -
E 10/10 1 1 - -
56 35, 1 5 S
3.6.3. Population structures.
3.6.3.I. Relative abundance and age class distribution.
a. Roach.
Most (> 87%) roach in White Mere were from two strong year classes (i.e. 1993 and 
1994; Table 3.6.2). Roach from the 1995 year class were absent from the catch. The 
maximum age attained by roach in White Mere was 5 years.
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Table 3.6.2. Year class distribution of roach in White Mere.
Year class Number (%) oi fish
1995
1994 19 (34.5%)
1993 29 (52.7%)
1992 2 (3.6%)
1991 5(9.1%)
i Total 55
b. Perch.
Perch (n = 35) in White Mere appeared to be short lived (Table 3.6.3). Perch were 
either underyearlings (n = 30) or from the 1994 year class (n = 5). Perch older than 2 
years were not recorded during the survey.
Table 3.6.3. Year class distribution of perch in White Mere.
■Year class 1 Number (° o> of fish
1995 30 (85.7%)
1994 5 (14.3%)
Total 35
c. Pike.
A single pike from the 1989 year class was caught in White Mere.
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d. Ruffe.
Five ruffe, Acerina cemua, were caught in White Mere. All were from the 1994 year 
class (i.e. 2 years old).
3.6.3.2. Sex ratios.
a. Roach.
No underyearlings were caught from White Mere. All 2 year old roach were mature 
fish (Table 3.6.4). Overall, males were more common than females (1.5 m:f). Apart 
from the 1993 year class, where females were more numerous than males, each cohort 
contained more males than females. Surprisingly, the oldest roach were male fish 
(Table 3.6.4).
Table 3.6.4. The number of male and female roach from different year classes in 
White Mere.
1 Year class Sample size Male remale Immature
1995 - - - -
1994 19 16 (84.2%) 3 (15.8%) -
1993 29 10 (34.5%) 19 (65.5%) -
1992 2 2 (100%) - -
1991 5 5 (100%) - -
r ™ !
55 33 22 ' - - - '
b. Perch.
Forty percent (i.e. 12/30) of underyearling perch were mature males (Table 3.6.5). 
The remaining underyearlings could not be sexed accurately. By contrast, all 5 perch
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from  the  1994 year class w ere fem ale (T able 3.6.5). O verall, m ale  perch  w ere m ore 
abundant (i.e. over 2:1) than  fem ales.
Table 3.6.5. The num ber o f  m ale  and  fem ale perch  from  differen t year classes in  
W hite M ere.
Y ear c lass S am ple  size M ale Fem ale Im m ature
1995 30 12 (40% ) - 1 8 (60% )
1994 5 - 5 (100% ) -
T otal 35 12 5 18
c. Pike.
The only p ike caught w as a  fem ale fish.
d. Ruffe.
A ll 5 ruffe  caught in  the  survey w ere m ature (1994 year class). Tw o fish  w ere m ale, 
and the  o ther 3 w ere fem ale (T able 3.6.6).
T ab le  3.6.6. T he num ber o f  m ale  and  fem ale  ruffe from  the  1994 year class in  W hite 
M ere.
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3.6.4. Diet.
a. Roach.
Eleven food items were eaten by roach in White Mere (Table 3.6.7). The most 
common food items in the guts of roach were molluscs and caddis larvae. Individuals 
often contained large numbers of these items (pers. obs.). Corixids, chironomid larvae 
(mostly 1st or 2nd instars, unsorted) and algae were eaten by several roach in the 
sample.
Table 3.6.7. Food (% occurrence) of roach (II +) in White Mere.
Molluscs 67.7
Caddis larvae 96.8
Corixids 38.7
Chironomid larvae 48.4
Damselfly nymph 16.1
Gammarus 9.7
Asellus 9.7
Daphnia 12.9
Plant material 16.1
Filamentous algae 32.3
Detritus 8.7
b. Perch.
Undeiyearling perch (1995 year class) had begun to include benthic invertebrates 
such as Chironomids, Corixids, Asellus and Chaoborus in their diet as well as the 
smaller food items (e.g. Daphnia). Perch from the 1994 year class were also feeding 
on Daphnia and Chaoborus. Larger invertebrate food made up the rest of the diet of 2
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year o ld  perch  (T able  3.6.8). There w as no  evidence o f  predation  on fish fry by  perch 
in  W hite M ere.
Table 3.6.8. Food  (%  occurrence) o f  perch  from  different age classes in  W hite M ere.
U  F ood  ite m T ag e  class {ti ■■ 30) 11 age class (n 5)
C hironom id  adult/pupae 13.3 . 40.0
C hironom id  larvae 10.0 20.0
C orixids 30.0 60.0
D ip teran  larvae - 20.0
D ip teran  adult - 20.0
D am selfly  nym ph 13.3 20.0
G am m arus 10.0 -
A sellus 30.0 -
D aphn ia 23.3 60.0
C haoborus 70.0 20.0
C opepods 3.3 -
O stracods 3.3 -
c. Pike.
In tact prey  w ere absent from  the  stom ach o f  the pike caught in W hite M ere. H ow ever, 
the  in testine d id  con tain  a  sm all num ber (5-10) o f  roach  scales. B y com paring  the 
scales to  those o f  o ther roach  from  W hite M ere the  prey w as estim ated  to  be  betw een 
19 ( i f  a  m ale  roach) and  22 ( i f  a  fem ale roach) cm  long. In  addition, 10 roach  (9 m ale, 
1 fem ale) w ere a ttacked  by p ike w hen  they  w ere in  gill nets. The m ean  leng th  o f  the 9 
pike a ttacked  m ale  roach  was 19.2 cm . The fem ale (p ike attacked) roach  w as 23.3 cm  
long.
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d. Ruffe.
Ruffe in White Mere had been feeding on a total of 7 different food items (Table
3.6.9). The most common items were bottom living invertebrates such as Chironomids 
and Asellus. Zooplankton (i.e. copepods and ostracods) was also included in part of 
the diet of 2 year old ruffe.
Table 3.6.9. Food (% occurrence) of ruffe in White Mere.
Food item TT age class (n <5)
Chironomid larvae 60.0
Damselfly nymph 20.0
Sialis 20.0
Gammarus 20.0
Asellus 80.0
Copepods 20.0
Ostracods 40.0
3.6.5. Growth.
a. Roach.
White Mere roach exhibited high rates of growth for the species. Males from the III - 
V age classes appear to have grown at similar rates (Tables 3.6.10 and 3.6.11), And, 
the results of this survey suggest that fish (males and females) from the 1994 year 
class grew faster than those from earlier cohorts. Unfortunately, the growth of 
undeiyearling roach during the hot summer of 1995 could not be assessed, because of 
the absence of 1 year old fish from the catch.
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Table 3.6.10. Mean length (cm) for age of male roach from different cohorts (White
Mere).
|  Year class n = I 1! LiL IV V / K |
1991 5 - 13.5 18.3 22.3 25.9
1992 2 - 13.2 19.5 24.5 -
1993 10 - 13.1 19.9 -
1994 16 - 16.1 - - -
Mean - 14.6 19.4 22.9 25.9 35.7 0.26
n = 0 33 17 7 5
Table 3.6.11. Mean length (cm) for age of female roach from different cohorts (White 
Mere!
b. Perch.
Like the roach, the perch in White Mere grew well and matured early (3.6.12 and 
3.6.13). Both underyearling and 2 year old perch were above average size for the 
species. In the absence of perch from a wider range of age classes it was not possible 
to determine whether perch actually approached ‘maximal’ size (Table 3.6.12).
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T able  3.6.12. M ean  length  (cm ) fo r age o f  fem ale perch  from  the 1994 cohort (W hite 
M ere).
T able  3.6.13. M ean  leng th  (cm ) fo r age o f  undervearling (1995 cohort) perch  in  W hite 
M ere.
c. Pike.
G row th in  th e  fem ale p ike w as good (Fig. 3.6.2, T able  3.6.14). This fish exhib ited  a 
consisten t rate  o f  grow th  during  i t ’s life and  w ould  have probably  grow n to  above 
average size for a  stillw ater pike.
T able  3.6.14. L ength (cm ) fo r age o f  a  fem ale pike in  W hite M ere.
d. R uffe.
R uffe  o f  bo th  sexes w ere large (cm ) fo r their age, ind icating  th a t W hite M ere m ay 
con ta in  som e very  large ind iv iduals (T able  3.6.15).
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Fig.3.6.2. Growth (cm )
of a female pike (1989 year 
c lass) in White mere.
T able  3.6.15. M ean  length  (cm ) for age o f  m ale  and fem ale ruffe in  W hite M ere.
3 .6 .6 . P a ra s i te  b u rd e n s .
N o  in testinal o r external parasites w ere recorded  in  roach, perch, p ike o r ruffe  from  
W hite M ere. A nalysis o f  roach  for the  presence o f  eye flukes is in  progress.
3 .6 .7 . M in im u m  e s tim a tes  o f  b iom ass.
See later.
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3.7. Bomere (National grid reference SJ 500 080),
Permission to net Bomere was refused. Thus, the scope of this section was restricted 
to a summary of previous reports.
An echo-sounding survey of Bomere carried out by the NRA (Severn-Trent) in April 
1987, concluded that the lake contained reasonable numbers of large fish such as 
tench, bream and pike. Bomere probably contains up to 10 fish species (Smith & 
Moss, 1994). In addition to tench, bream and pike, the mere is thought to contain 
reasonable numbers of roach. Smaller populations of carp, perch, rudd, Scardinius 
erythrophthalamus, eel, trout, Salmo trutta, and chub, Leuciscus cephalus make up 
the rest of the fish community. Presumably, the chub has been introduced by anglers.
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3.8. Fenemere (National grid reference SJ 446 229).
Permission to net Fenemere was refused and no new information regarding the fish 
populations could be obtained. Therefore, it was only possible to provide a summary 
of previous surveys (Moss et al, 1993; Smith & Moss, 1994; Winfield & Tobin, 1995) 
here.
Fenemere is a small (9.4 ha) mere with a maximum depth of around 2.2 metres. Plant 
cover is between 10 and 20%. Anglers use Fenemere quite intensively (up to 70 
person-days per week). Some competitions (weekly in summer, fortnightly in 
Autumn) take place.
Fish stocks are dominated by roach, rudd, bream, perch, pike and carp. Other species 
include eels, crucian carp and tench. Overall, fish density is thought to be high. In 
particular, large numbers of big carp inhabit the mere (est. 200 over 5 kg, 40 over 9 
kg and 7 over 13.5 kg). In the 1950’s and more recently (1979), the mere was stocked 
with a number of bream. Roach and rudd were also stocked in 1979. However, no 
information on the numbers and sizes of the fish stocked on these two occasions was 
available. In addition, 800 (0.8 to 1.6 kg.) common carp were introduced into 
Fenemere during the late 1970’s. And, in 1982 the NRA (Severn-Trent) introduced 
large quantities of elvers to the mere.
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3.9. Quoisley Little Mere (National grid reference SJ 549 456).
It would not be possible to gill net Quoisley Little Mere in it’s present state. The mere 
is completely surrounded by trees and thick beds of rushes extend several metres into 
the lake. The presence of deep mud in and around the margins of the mere 
contributed to making access to the site extremely difficult. An attempt to get close 
enough to take photographs of the site was unsuccessful.
In the past (1993), the owner (Mr Wormleighton) managed to gain access to the mere 
in a small boat (the access point has since become overgrown). The mere is shallow 
(up to 2 m max. depth) and, particularly during the warmer months, completely 
covered in lilies. Mr Wormleighton has seen three species of fish (pike, tench and 
rudd) in Quoisley Little Mere.
105
3.10. Quoisley Big Mere (National grid reference SJ 546 456).
Permission to gill net Quoisley Big Mere was refused because a number of specimen 
fish are known to be present. The owner (Keith Wormleighton) did not want to risk 
damaging these fish. However he did provide some other useful information. 
Information on Quoisley meres was obtained during a site visit (using a boat) and 
from records of fish catches (since 1993) provided by Keith Wormleighton.
3.10.1. Background information.
The depth of the mere varies between 2 and 4 m. A marginal shelf, extends between 2 
and 4 m. from the bank. The bed of the mere slopes gently between the margins and 
deeper water. Lilies extend from the reed beds which occur around most of the 
banking. Apparently frog tadpoles and Daphnia can occur in great numbers. Over 
recent years, the water has become much less turbid following the removal of an 
effluent source (slurry overflow) by the present owner. Cattle graze the land on one 
side of the mere (no herbicide sprays are used). A recent change in land use (to 
arable) has occurred on the valley opposite (different owners).
A number of birds, including starlings, mallards (50 +) and, occasionally, over 200 
geese roost at Quoisley. Herons, great-crested grebes and kingfishers (Alcedo atthis) 
are known to visit the mere, and up to 20 cormorants have been seen at the site.
3.10.2. Fishing.
The mere is fished during the summer (3-10 angling days per year) from the same 
location). On each occasion the ‘swim’ was pre-baited with breadfeed, sweetcom and 
hempseed for up to three weeks before fishing. Fish such as roach, rudd, tench, perch, 
bream and carp were being sought. On most occasions, other different fishing 
methods were also used. For example, attempts have been made to catch pike, eels or 
catfish, Silurus glanis (reputed to be in the lake), with deadbaits (e.g. herring, Clupea 
harengus, sprat, Sprattus sprattus) or worms (Lumbricus spp.).
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A  com plete record  o f  all fish caught in  Q uoisley B ig  M ere since 1993 has been  kept 
by M r W orm leighton. A  sum m ary o f  th is in form ation  is given in  Table 3.10.1 and 
below .
Table. 3.10.1. C um ulative num ber o f  fish  caught bv  angling in  Q uoisley B ig  M ere 
(1993-95).
3 .10.3 . N otes.
a. June  1993. - S ix  tench  over 5 lbs (m ax. 8 lbs). R udd  to  2 lb 8 oz.
b. Ju ly  1993. - Four tench  over 5 lbs (m ax. 6 lbs). R udd  to  2 lbs., bu t m ostly  sm aller 
(<  10 oz.). T w o perch  o f  1 lb. 2 oz.
c. A pril 1994. - T w o large rudd  (2 lb  8 oz and  2 lb  12 oz). O ne pike (3 lbs).
d. M ay 1994. - O ne tench  (4 lb  10 oz) and  one roach  (<  10 oz).
e. June  1994. - 85 fish  w ere caught in  10 sessions. T he largest rudd  w eighed  3 lb  2 oz 
(ano ther o f  2  lb  10 oz). A lso  caught w as a  ve iy  large roach  (3 lb  1 oz) and  7 tench, 
over 3 lb  4  oz (m ax  7 lb  8 oz). In  addition, 19 b ream  (approx. 1 lb. each) w ere caught.
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f. June 1995. - 15 fish were caught in 2 sessions. These included 4 large rudd (i.e. 
between 1 lb 12 oz and 2 lb 12 oz) and two large roach (i.e. lib 14 oz and 2 lbs).
g. July 1995. - 5 fish, including a 4 lb tench, were caught during 1 session.
3.10.4. Summary.
The two most common species of fish caught by angling in Quoisley Big Mere were 
the rudd and tench. The occurrence of other species of fish in the catches was highly 
variable.
Pike probably only occur in small numbers in Quoisley Big Mere. Eels and catfish 
have not been caught. Similarly, large carp are probably absent or present in small 
numbers (none caught or seen). On most occasions, bream and perch were not caught. 
However, 19 bream (est. 1 lb each) were caught in a single session in 1995. In 
addition to the ‘good’ (n = 13) catch of perch in 1993, a shoal of small perch was also 
seen in the same year.
A number of specimen fish occur in the mere. In total, 5 roach over 2 lb. in weight 
have been caught (max. 3 lb. 1 oz). Male tench have been between 3.5 and 4 lbs., 
while females were between 6 and 8 lbs. (6 were over 7 lbs.). In view of the large size 
of individual fish the overall fish density is probably low.
However, the numbers of small rudd may have increased in recent years (good 
spawning). Recent improvements to water clarity should benefit the growth 
macrophytes in this shallow mere. The apparent dominance of rudd over roach was an 
interesting feature of the mere. Tench evidently grow to a large size in Quoisley Big 
Mere.
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3.11. Tabley Moat (National grid reference SJ 721 774).
Permission to gill net Tabley Moat was refused. Therefore, the following information 
was based on a discussion with the secretary of Lymm Angling Club (Mr. David 
Cook). Lymm A.C. are currently managing the fish stocks.
In the 1980’s and early 1990’s the water was considered a ‘pike water’. The Moat 
contained large pike, large bream, large carp and a few perch. Large pike were 
cannibalistic and survived by preying on smaller pike. Very few small fish were 
caught by anglers. In 1992, twenty anglers took part in a competition (attempting to 
catch roach, perch, bream, etc.) on the Moat. No fish were caught.
Since 1992, the Moat has been managed by members of the Angling Club. The water 
was netted in 1992 and all pike under lOlbs. were removed (larger pike were 
returned). At the same time a small number of large carp were also removed. In the 
same year the Moat was stocked with around 20,000 small (4 inch long) fish (roach, 
rudd and bream).
The water has (post 1992 *) been Seine netted (200 m. long net) annually or 
biannually. Netting is carried out in early Spring before the re-growth of macrophytes 
begins. The aim of the exercise is to sweep the whole water and remove all small pike 
(under 10 lbs.) and a number of fry (approximately 15 - 20 %). The number of fish 
removed varies and is based on a subjective estimate of the size of the catch and 
effectiveness of the netting exercise. Large (>10 lbs) pike are returned to the water. 
Unwanted fish are translocated to other waters.
Large numbers of small fish were recorded in 1994 (1 year old fish). The water was 
not netted in 1994*. Poor fishing during the summer of 1995 may be linked to an 
abundance of young pike (D. Cook, pers. comm.). Small pike, carp and tench are not 
desired in Tabley moat. Tench may be absent because none have been caught in at 
least 10 years. Few carp are present.
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The Moat contains small numbers (the most recorded on one occasion was 7) of large 
bream (probably old fish), in the 6 - 7 lb. weight category. Apparently perch are 
relatively abundant as are the stock fish (i.e. roach, rudd and skimmer bream).
The aim of the Angling Club is to maintain the character of the fishery while 
managing fish stocks at reasonable levels (sufficient for angling purposes but below 
the water’s carrying capacity) (D. Cook,pers. comm.). Thus, fish densities are 
considered to be low. The intention of current management activities is to regulate 
fish numbers by removing ‘excess’ fiy and allow a similar number of young fish to 
survive each year. Since fish such as roach and bream characteristically exhibit strong 
year class recruitment, current management practices, if maintained and carried out 
effectively, should prevent an increase in stocking levels and could actually reduce 
fish numbers.
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4.0. Comparison between meres.
4.1. Morphometry.
The Shropshire-Cheshire meres vary in size from less than 1 to over 40 hectares 
(Reynolds, 1979). The largest lakes tend to be the deepest. The 5 lakes sampled 
during the current study, varied in size from 2.5 ha. (Berrington Pool) to 25.5 ha. 
(White Mere). Maximum depths ranged from 3.1 m. (Pettypool) to 13.8 m. (White 
Mere). Thus, although 4 of the lakes follow the general trend above, Berrington Pool 
is an exception in being disproportionately deep for it’s size.
Like most other meres in the series, shoreline development was also rather low (range 
0.8 - 1.2). Perimeters based on a circle are given in Table 4.1.
Table 4.1. Length fkm) of shoreline in 5 West Midlands meres.
Berrington Pool 2.5 12.2 0.56
Crose Mere 15.2 9.3 1.38
Marton Pool 13.7 8.0 1.31
Pettypool 11.7 3.1 1.21
White Mere 25.5 13.8 1.79
In 2-3 of the meres, some thermal stratification and deoxygenation may be expected 
during the summer months because of their maximum depths and possibly eutrophic 
status. Details of the water chemistry of some of the lakes in this survey (4/5) are 
given in Moss et al. (1992).
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4.2. Littoral Zone.
Full details of the morphometric characteristics of these lakes are not available, but 
significant areas of littoral region are to be expected in all lakes sampled. Emergent 
vegetation (Lilies, Potamogeton, Phragmites) was seen in most lakes, but was 
particularly abundant in Berrington Pool. Water lilies were locally common in 
Pettypool and significant stands of macrophytes were seen in White Mere, Crose 
Mere and Marton Pool. Using the data in Wiggington (1980) and Wiggington & 
Palmer (1989), the number of macrophytes tends to increase with lake area (Fig. 4.1). 
Lakes up to 25 ha. in size can be expected to contain 12 or more species of 
macrophyte, at least under conditions of water clarity and / or low pH. In general, 
aquatic macrophytes reflect both shoreline development and water ‘quality’. For fish, 
aquatic macrophytes are important for spawning, cover and as a substrate for 
invertebrates (de Nie, 1987; Harper, 1992).
4.3. Numbers of fish caught.
The total numbers of fish caught (catch per unit effort) varied from 76 (Pettypool) to a 
maximum o f255 in Marton Pool (Table 4.2).
Table 4.2. Total numbers of fish caught in gill nets at 5 West Midlands meres.
Site Roach Perch Pike Bream Carp Tench Ruffe Total'
Berrington Pool 38 154 1 3 - 2 - 198
Crose Mere 31 53 10 - - - - 94
Marton Pool 182 70 3 - - - 255
Pettypool 46 11 3 14 2 - - 76
White Mere 56 35 1 - - - 5 97
Total *53 323 18 17 2 5 726.;1
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Fig. 4.1. The relationship  betw een  m acrophyte diversity and lake area in  25 
Shropshire-C heshire meres.
There was no clear trend between numbers caught and any morphometric feature, 
although preliminary plots suggest a decline with area and perimeter of lake (Figs. 4.2 
- 4.4.). When tested, using multiple regression, only a small variation in numbers was 
accounted for by any of the 3 direct / derived parameters (y = 220 - 64xi + 0.8x2: F = 
0.05, r2 = 8.7%, where X] = perimeter (km) and x2 = depth (m)). Unfortunately, 
meaningful trends, if present, are unlikely to be confirmed (P < 0.05) simply because 
of the small number (n = 5) of lakes available in the sample.
4.4. Species richness.
Most of the Shropshire-Cheshire meres are noted for the poverty of their fish faunas, 
in spite of the effects of anglers (introductions) over the years (Goldspink, 1983).
Even in those which are known to be well stocked (e.g. Blake mere), some species are 
unlikely to breed well every year (e.g. carp). Whilst the reasons for this remain 
unclear, thermal inertia during the Spring, is thought to be a contributing factor in 
some of the deeper lakes - coupled to a lack of spawning substrate. Unfortunately this 
aspect of the biology of the meres has not been examined in detail and a definitive list 
is not available for any one mere, apart perhaps from Rostherne National Nature 
Reserve (Lyle & Maitland, 1992). Migratory species such as the eel are limited in 
some sites by pollution of the afferent streams. A full species accretion curve cannot 
be determined from such a short study.
Using the data available species richness increased from a minimum of 3 in Crose 
Mere to a maximum of 5 in Pettypool and Berrington Pool. However, it is known that 
eels are also present in Crose Mere and White Mere, where a significant run has been 
seen along a brick culvert (local angler,pers. comm.). When various indices of 
species diversity (Simpson’s and Shannon-Weiner) are compared with lake 
morphometry, there is some suggestion that species diversity increases with lake area 
(Fig. 4.5) and decreases with maximum depth (Fig. 4.6). This relationship becomes 
clearer if a simplified ‘morphoedaphic’ index is used (i.e. area / depth) (Fig. 4.7). In 
all cases, Pettypool contains the most diverse fish fauna in terms of indices of species 
diversity. The overall trend seems to be a function of area of lake and depth. Lakes
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Fig. 4.2. Relationship
between the number of fish 
caught and lake area.
Fig. 4.3. Relationship
between the number of fish 
caught and lake depth.
Fig. 4.4. Relationship
between the number of fish 
caught and lake perimeter.
Fig. 4.5. The diversity  o f  fish species in relation  to  lake area.
Fig. 4.7. T he diversity o f f is h  species in  rela tion  to lake m orphology.
with large area but low depth have the highest diversity. This is to be expected in 
some respects, as deeper areas of lakes can be ‘inhospitable’ to fish. However, the 
finding is nevertheless interesting, yet must be seen solely as a correlation rather than 
a causal link. Other biotic factors could be implicated more directly.
4.5. Species dominance.
In most cases, perch and roach were the main species represented. Significant 
numbers of bream were only found in 2 lakes, Pettypool and Berrington Pool. Pike 
were comparatively scarce throughout, although numbers may have been previously 
high in Crose Mere, judging by anglers reports.
The balance between roach and perch is known to be an important index of eutrophic 
status (Leach et ah, 1977; Hurley, 1986; Leopold et ah, 1986). High growth rates in 
perch can only be achieved where ‘adult’ fish are able to feed on fish fry and a diverse 
community of invertebrates (Craig, 1987). Under conditions of poor light penetration 
(high water turbidity) roach have a competitive advantage (at least in the absence of 
top down control from predators such as pike). However, this simplistic model is 
compounded by other factors such as population density, water temperatures or 
acidity.
In all cases, perch were relatively well represented in our samples, although further 
comments on population structures will be presented below. Roach were most 
numerous in Marton Pool. Evidence for an inverse correlation between roach and 
perch abundance across sites was poor (r = - 0.007, NS; Fig. 4.8).
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F i g .  4 . 8 .  R e l a t i o n s h i p
b e t w e e n  t h e  n u m b e r s  o f  r o a c h  
a n d  p e r c h  i n  5  m e r e s .
4.6. Population profiles for roach and perch.
4.6.1. Recruitment.
Under certain optimum conditions, perch and roach can both spawn successfully each 
year and recruit consistently (Craig, 1987; Wyatt, 1988). However, in Britain 
recruitment can vary quite markedly between years for a variety of reasons 
(Goldspink, 1978; Goldspink & Goodwin, 1979), not all of which are fully 
understood. Whilst traditionally considered to adopt an r strategy, many species seem 
to have a mixed strategy (bet-hedging) to accommodate a variety of circumstances. 
For example, recruitment levels between years can vary by a factor of 300 in 
Windermere perch (even in the absence of disease), compared with only 7 for pike 
(Craig & Kipling, 1983).
For perch, recruitment is most likely to reflect calendar year variations in water 
temperature, incidence of cannibalism and population size (Goldspink & Goodwin, 
1979). Recruitment in roach is strongly influenced by water temperatures in some 
sites (Goldspink, 1978) although other factors are now known to effect the precise 
pattern of recruitment (Goldspink, Holland & Wall, unpublished). Strong synchrony 
of recruitment between sites in the form of common year class representation is good 
evidence for climatic control of recruitment (Goldspink, 1978, 1981; Goldspink & 
Goodwin, 1979).
4.6.2. Year class profiles.
The age composition of the 5 separate roach and perch populations sampled are given 
in Tables 4.3 and 4.4.
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Table. 4.3. Occurrence (%) of different year classes of roach (both sexes") in 5 West
Midlands meres.
year dass Bemngton
Pool
Crow Mere Marton Pool Pettypool
1995 - 6.1 31.3 -
1994 - 6.1 23.1 19.6 34.5
1993 2.6 - 13.2 56.5 52.7
1992 5.3 87.9 29.7 15.2 3.6
1991 26.3 - 1.1 2.2 9.1
1990 42.1 - 0.5 4.3 -
1989 13.2 - 1.1 2.2 -
1988 5.3 - - - -
1987 5.3 - - - -
No year 
classes
f  ' 3 6
4
The numbers of year classes represented across lakes for roach varied from 3 in Crose 
Mere to 7 in Berrington Pool and Marton Pool (Table 4.3). Total catches of roach 
tended to reflect the number of year classes (Fig. 4.9), although the correlation was 
not significant at P  = 0.05 (r = 0.496, NS). Similarly there was no significant 
relationship between the number of year classes of roach and lake depth (max., m) (r 
= -0.248; Fig. 4.10).
There was no close synchrony in the pattern of recruitment between sites if the 
strongest year classes are compared (Table 4.3) (excluding 0+ fish), although there 
was some suggestion that recruitment was good in 1993 (Pettypool and White Mere) 
and in 1992 (Crose Mere and Marton Pool). Apart from Berrington Pool, which seems 
to be exceptional in many respects, recruitment was most variable in the two deeper 
lakes, White Mere (4 age classes) and Crose Mere (2/3 age classes). Recruitment to 
roach in Marton Pool and Pettypool has been more consistent throughout. Maximum
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F i g .  4 . 9 .  R e l a t i o n s h i p s
b e t w e e n  c a t c h  s i z e  a n d  t h e  
n u m b e r  o f  y e a r  c l a s s e s .
F i g .  4 . 1 0 .  R e l a t i o n s h i p s
b e t w e e n  t h e  n u m b e r  o f  y e a r  
c l a s s e s  a n d  l a k e  d e p t h
life  expectancy varied  from  ca. 4  years in  C rose M ere to  m ore than  9 years in  
B errington Pool.
For perch, the  num bers o f  age classes represented across populations varied  from  2 in 
three lakes (C rose M ere, Pettypool and  W hite M ere) to  5 in  B errington  Pool and 
M arton  Pool (T able 4.4). Thus, bo th  roach  and perch  tend  to  be  long lived in  a t least 
tw o sites (B errington Pool and  M arton  Pool). B y contrast, perch  w ere short lived in  
th ree  m eres in  w hich  roach  appeared  to  have strong year class representation. 
A lthough p erch  tended  to  be  particu larly  abundant in  deeper lakes the  relationship  
betw een  m axim um  depth  and  the  num ber o f  perch  caught w as not significant (r  =  
0.499, NS). T he to ta l catch  o f  perch  reflected  the num ber o f  year classes present (r  =  
0.793; F ig  4.9), b u t the  tw o  variab les w ere no t re la ted  (P  >  0.05). A  decline in  the 
num ber o f  age classes o f  roach  w ith  increasing lake depth  (r =  -0.248) w as opposite to  
the pattern  recorded  in  perch  (r  =  0.187). H ow ever, in  bo th  roach  and  perch  the trends 
(Fig. 4 .10) w ere no t significant (P  >  0.05). M axim um  life expectancy  fo r perch  in  
B errington  Pool and  M arton  Pool m ay  exceed 5 years, w hile it m ay be considerably 
low er in  the  3 o ther sites.
T able  4.4. O ccurrence (% ) o f  d ifferen t year classes o f  perch  (bo th  sexes') in  5 W est 
M idlands m eres.
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Recruitment for perch in 1995 appears to have been exceptionally good in at least 3 
sites (Crose Mere, Marton Pool and White Mere) which suggests that climatic factors 
are implicated. The 1993 year class was strong in both Berrington Pool and Marton 
Pool, both of which are long lived populations.
4.7. Diet and niche breadth.
The diet of roach (11+ fish), perch (0+, I and n+ fish) and bream from different sites 
was compared by considering dietary niche breadths (Levins index of niche breadth). 
Although niche breadths can vaiy between different niche axes within a species 
(Bergman, 1988), a lower Levins index (B) indicates a more specialised dietary niche.
Roach fed on a wide range of food items which reflects the diversity of invertebrate 
fauna in the 5 meres (Table 4.5). Of particular interest was the wide occurrence of 
molluscs in the diet of roach from different meres. In general, the growth ‘rate’ of 
roach tends to be good in sites where roach feed to a large extent on invertebrates. A 
scarcity of invertebrates and abundance of detritus in the diet usually correlates with 
poor growth. Eutrophication leads to impoverished invertebrate fauna.
Thus, while roach in Benington Pool had a more specialised dietary niche than the 
other sites (Table 4.5), their diet was relatively poor (high proportion of plant material 
and detritus) and growth was poor (section 3.2). By contrast, the fast growing roach of 
White Mere had a relatively high proportion of invertebrates in their diet 
(e.g.molluscs, caddis larvae, Chironomids and Corixids).
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Table 4.5. Proportion of food items in the diets of 2+ year old roach from 5 West
Midlands meres.
rood u«tn Hcrrmgion Pioi
w  26i
CnSH. V ’**. 
m TJ)
Marion Pool 
(n -4 2 )
PlttYfl
(n -2 6 )
White McreS 
(n j i ) i
Molluscs 0.088 0.260 0.202 0.362 0.190
Caddis larvae 0.017 0.009 0.190 0.271
Chironomid adults 0.035 0.082
Chironomid larvae 0.071 0.204 0.202 0.121 0.136
Chaoborus 0.087 0.128
Damselfly nymphs 0.035 0.045
Corixids 0.031 0.046 0.108
Dipteran adults 0.035 0.009 0.017
Dipteran larvae 0.009
Coleopteran adults 0.053
Coleopteran larvae 0.069
Gammarus 0.035 0.027
Asellus 0.017 0.027
Sialis 0.035
Hemipterans 0.009
Daphnia 0.053 0.047 0.055 0.036
Copepods 0.035 0.009
Leptodora 0.104
Ostracods 0.017
Plant material 0.458 0.052 0.174 0.138 0.045
Filamentous algae 0.088 0.035 0.018 0.052 0.090
Detritus 0.102 0,040 0.047 0.017 0.024
b 9<jo — -6444- -
In perch, good dietary indicators are the presence or absence of fish fry and Bosmina. 
In sites where perch grow well, fish fly are usually found in larger individuals. By 
contrast, the presence of Bosmina as opposed to Daphnia, in the stomachs of young 
perch suggests poor conditions for perch. Bosmina was absent from the diets of perch 
in 3 of the 5 meres (Crose Mere, Pettypool, White Mere; Tables 4.6 and 4.7). 
Bosmina was recorded in the diet of perch in Marton Pool (Table 4.7) and Berrington 
Pool (Tables 4.6 and 4.7). Thus, in most sites perch were feeding on Daphnia as 
opposed to Bosmina. Interestingly, young perch in Crose Mere had not been feeding 
on zooplankton but had switched to feeding on benthic invertebrates and Chaoborus 
in particular (Table 4.6). In Berrington Pool, zooplankton was an important 
component of the diet of all age classes of perch.
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Table 4.6. Proportion of food items in the diet of undervearling perch in 4 West
Midlands meres.
food item J Ecrnrtglcn Pool j Cro&o Mere ManonPoo! White Mere
Chironomid adult - 0.073 0.291 0.064
Chironomid larvae 0.111 0.073 0.312 0.048
Chaoborus - 0.544 0.146 0.339
Damselfly nymph 0.133 0.013 - 0.064
Corixids - 0.073 - 0.145
Gammarus 0.022 0.024 0.021 0.048
Asellus 0.044 0.173 - 0.145
Coleopteran larvae - 0.024 - -
Daphnia 0.022 - 0.104 0.113
Bosmina 0.222 - - -
Copepods 0.289 - 0.104 0.002
Ostracods 0.044 - 0.021 0.002
Leptodora 0.111 - - -
----------4 428 .......  ^478
Table 4.7. Proportion of food items in the diets of 2+ year old perch in 5 West 
Midlands meres.
Food item Bemngton
Pool
0 « -7 ? }
Crow Mere 
( n - 6 )
Marlon Pool 
(n 29)
Pettypool 
(n 8)
White M cicjg  
(n *)
Fish fry 0.010 - 0.229 0.444 -
Chironomid adult 0.031 - 0.229 - 0.154
Chironomid larvae 0.175 0.111 0.354 - 0.077
Chaoborus 0.144 0.555 - - 0.077
Damselfly nymph 0.067 - - - 0.077
Corixids 0.010 - 0.021 0.333 0.231
Notonecta - - 0.021 - -
Sialis 0.093 - - - -
Caddis larvae 0.005 - 0.041 - -
Gammarus 0.005 - - 0.111
Asellus 0.010 - 0.021 0.111 -
Dipteran adult - - 0.041 - 0.077
Dipteran larvae 0.005 - - - 0.077
Daphnia 0.247 0.333 - - 0.231
Bosmina 0.015 - 0.021 - !
Copepods 0.124 - - - -
Rotifers 0.005 - - - -
Leptodora 0.015 - - - -
Plant material 0.036 - 0.021 - -
-
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The incidence of different fish prey in the diet of perch from different meres is 
illustrated in figures 4.11 and 4.12. Perch from 3 of the 5 meres (Pettypool, Marton 
Pool and Berrington Pool) ate fish fry (Fig. 4.11). Adult perch in Crose Mere and 
White Mere apparently did not feed on fish fiy (note the low incidence of small fish 
in the catches from these 2 sites). The latter 2 populations were short lived (similarly 
Pettypool) and some adults were feeding on zooplankton. Although it was not always 
possible to identify prey items (influenced by the extent of digestion), cannibalism 
was probably common among perch from Pettypool and Marton Pool (Fig. 4.12).
Bream were only recorded in 2 of the 5 meres (Berrington Pool and Pettypool). In 
general, Chaoborus are important components of the diet of bream because there is 
some evidence to suggest that Chaoborus numbers are influenced by fish predation 
(Goldspink, 1990). In Pettypool, Chaoborus and Chironomids formed the bulk of the 
diet of bream (Table 4.8). By contrast, Chaoborus was absent from the diet of bream 
in Berrington Pool, although Chironomids were a significant component of the diet 
(Table 4.8).
Table 4.8. Proportion of food items in the diets of bream from Berrington Pool and 
Pettvpool.
r f e s . - s - . f  £?*
Chironomid adult - 0.043
Chironomid larvae 0.235 0.340
Chaoborus - 0.467
Caddis larvae 0.235 0.043
Damselfly nymph 0.118 -
Mollusc 0.118 -
Ostracods - 0.085
Plant material 0.235 -
Detritus 0.059 0.023
a
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Fig.4.11. Incidence of
fish predation by perch in 
5 West Midlands meres.
Fig.4.12. Occurrence
of different fish species in 
the diet of perch.
4.8. Growth.
If population density had an important impact on the growth of the species, values 
should decline as population density increases. Unfortunately, any trends in the data 
were confounded by low numbers of age classes in some sites which exacerbated the 
problems of an initial low number of sites for which data was available. Thus, the 
inverse correlation between L«, values and catch size in male roach (3 sites) were not 
significant. In male perch (3 sites) a positive correlation between predicted growth 
maxima and population size was suggested, although as for roach these were not 
related (P > 0.05, NS).
Growth curves for male and female roach in the 5 meres are illustrated in figures 4.13 
and 4.14. Some examples of growth of roach in British waters are given in Table 4.9 
for comparison. The rate of growth of roach in White Mere exceeds that in other 
British sites. The previous highest growth of roach was recorded in Tatton mere by 
Goldspink (1978). The growth of roach in Berrington Pool, Crose Mere, Marton Pool 
and Pettypool was within the range expected for the species in England.
Growth curves for male and female perch in the 5 meres are illustrated in figures 4.15 
and 4.16. Growth of young (< 3 years) perch in the meres was within the range 
expected for the species (Table 4.10). Perch populations in the 5 meres were short­
lived (< 6 years, Treasurer, 1993). Large (> 290 mm, Le Cren, 1992; Houthuijzen et 
al, 1993) perch were rare in the meres sampled and probably only occur in a few 
meres in the Shropshire-Cheshire plain (Goldspink, 1983).
Growth curves for male and female pike are illustrated in figures 4.17 and 4.18. The 
growth of pike in Marton Pool, Berrington Pool and Pettypool was poor for pike 
(Table 4.11). Slow growing prey populations in Berrington Pool were probably 
reflected in poor growth of the top fish predator in the pool. In Marton Pool, changing 
conditions and a low number of pike in the sample make interpretation of the growth 
rate of pike hard to evaluate. But, in Pettypool pike grew poorly, probably owing to 
poor light conditions and low numbers of smaller prey species (Mann, 1982) in the
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Fig. 4.13. Growth of
male roach in 5 West 
Midlands meres.
Fig. 4.14. Growth of
female roach in 5 West 
Midlands meres.
Table 4.9. Mean length (mm) for age of roach in some British waters (estimates of L^given where known!
n lliiiaiSijlj i'.n-h ■
Leeds-Liverpool Canal Templeton, 1969 combined - 50 70 80 95 110 130 150 170 180
Loch Lomond Mills, 1969 combined 32 66 104 143 176 199 217 228 240
Ellesmere Okorie, 1971 combined 45 120 160 220 240 260 270 280 300
Humbie Res. Scotland Mills, 1969 females 27 59 93 122 143 156 167 176 182 190
Rostherne Mere Goldspink, 1978 females - 100 160 193 217 239 264 294 340
Tatton Mere females - - 175 226 279 303 326 >400
Willow Brook Cragg-Hine & Jones, 1969 females 48 68 91 119 136 159 184 188 214 217
River Lugg Heflawell, 1972 females - - 160 170 180 - - 250 260
Humbie Res. Mills, 1969 males 25 60 93 118 136 148 160 161 163 170
Rostherne Mere Goldspink, 1978 males - - - 184 201 225 310
Tatton Mere it males - 107 172 210 257 278 301 >350
Willow Brook Cragg-Hine & Jones, 1969 males 49 71 94 121 126 140 160 169 174 194
River Lugg Hellawell, 1972 males - - 150 160 170 - - 210 220
Fig. 4.15. Growth of
male perch in 4 West 
Midlands meres.
Fig. 4.1 6. Growth of
female perch in 5 West 
Midlands meres.
Table 4.10. Mean length (mm) for age o f perch in some West Midlands meres.
Site ' Source Se\ ! T II HI i \ V \£ VII M il f IX \ XI x f l l
Rostherne (‘70) Goldspink, 1981 f 69 120 151 177 212 (233)
Rostherne (‘73) cs f 76 128 (162)
Ellesmere (‘70) K f - 134 224 279 329 358 (386)
Ellesmere (‘73) « f - 124 209 270 (312)
Ellesmere (‘75) t s f 96 153 (207)
Tatton Mere (‘70) « f 89 154 226 287 328 344 (372)
Tatton Mere (‘73) ii f 83 157 244 288 339
Tatton Mere (‘75) « f 98 171 (204)
Cole Mere (‘70) cs f 88 157 237 287 329 349 358
Cole Mere (‘73) ( ( f - 166 249 319 337
Cole Mere (‘75) 1C f 99 194 (230)
Rostherne (‘70) Goldspink, 1981 m 70 117 150 (165)
Ellesmere (‘70) u m - 131 198 257 297 320 (330)
Cole Mere (‘75) ( ( m 93 179 (224)
Rostherne (‘75) < t combined 73 (138)
Tatton Mere (‘64) u combined - 128 190 232 271 297 317 336 356 361 366 373
Tatton Mere (‘67) £ 6 combined 94 148 211 259 300 324 338 348 357 381 390
Cole Mere (‘64) ( ( combined - 159 217 284 316 338 353 367 376 383
Cole Mere (‘69) ii combined 89 185 257 305 335 356 371 382 390
F i g .  4 . 1 7 .  G r o w t h  o f
m a l e  p i k e  i n  3  W e s t  
M i d l a n d s  m e r e s .
F i g .  4 . 1 8 .  G r o w t h  o f
f e m a l e  p i k e  i n  4  W e s t  
M i d l a n d s  m e r e s .
Table 4.11. Mean length (mm) for aae of pike in some British waters.
K.le Nru.ce Sex 1 II 111 IV V VI VJ1 VIII ■ ix  | H i t s ! l i l f XII- RMM HMH
River Frame Mann, 1976 f 220 370 520 640 730 840 890 950 970 1000 1003 1006
River Stour C( f 250 420 540 620 700 760 790 888 940
Windermere Kipling, 1983 f 240 420 570 670 750 810 850
ARC Fordingbridge Wright, 1987 f 230 370 479 556 616 653 732 793 868 902 850 925 1002
Rostherne Mere. Banks, 1965 f 150 330 380 420 490 580 610 660 730 740 820 840 740 890
Rostherne Mere. Goldspink et al. f 260 390 500 610 690 740 810
White Mere this study f 220 394 519 622 690 739 758
Crose Mere this study f 256 374 520 606 676 732 763
Pettypool this study f 231 306 378 452 512 573 609 639 658 698
Marton pool this study f 233 361 399
River Frame Mann, 1976 m 250 400 520 580 630 670 700 720 760 770
River Stour n m 210 380 510 640 730
Windermere m 280 390 520 590 640 680 710
Wright, 1987 m 254 323 439 483 561 602 643 651 710
Rostherne Mere. Banks, 1965 m 220 320 360 440 460 550 570 640 630 660 660 670 777 700
Rostherne Mere. Goldspink et al. m 210 333 450 510 570 610 670
Crose Mere this study m 174 300 426 490 564 610
Marton pool this study m 198 311 403 441
Berrington pool this study m 198 285 328
site. Variation in the growth of pike in Crose Mere may be a reflection of high 
numbers of pike in the mere. However, a number of pike probably grow fairly well, 
although very large fish are unlikely to be present. White Mere pike probably grow 
quite well. Depending on the availability of suitable ambush sites (Goldspink,
Holland & Wall, in prep), pike may grow quite large in this site.
The growth of bream in Pettypool, Berrington Pool is illustrated in Table 4.12. Bream 
from Tjeukemeer were included (Table 4.12) as an example of poor growth for the 
species (Goldspink, 1978; Lammens, 1982). Bream in Pettypool and, surprisingly, 
Berrington Pool grew quite well and compared favourably With some of the other 
meres in the Shropshire-Cheshire plain (Table 4.12).
4.9. Biomass.
Biomass of fish in freshwater lakes usually varies between 50 and 500 kg ha"1.
Overall, the biomass of fish in the Shropshire-Cheshire meres is probably low because 
most sites are deep. Exceptions might occur in the shallow meres (e.g. Pettypool). 
Information on fish biomass in the meres is lacking but an estimate of between 10 and 
30 kg ha'1 has been given for pike in Rostherne Mere (Goldspink, Holland & Wall, 
unpublished). Taking into account food chain losses, prey biomass in Rostherne is 
estimated at between 100 and 300 kg ha'1.
A comparable (similar methods to this survey) fish sample taken from Rostherne 
during 1995 (Goldspink & Holland) produced the following: 75 roach and 179 perch 
in small meshed nets (10/15 mm) and 60 roach, 2 perch and 2 pike in nets with 
medium mesh sizes (25 / 33 mm). Comparison of the Rostherne catch with catches 
from the 5 survey sites, suggests that the biomass of the main species (roach, perch 
and pike) was within the range estimated for Rostherne.
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Table 4.12. Mean length fmm) for age o f bream in some West Midlands meres and in Tieukemeer (Netherlands).
i L ii Ml IV | V \  1 Ml VIII IX XI 1 XII | XIII1 XIV •IP!mm 1— Bil
Tieukemeer Goldspink, 1978 combined 55 86 125 160 188 215 237 255 274 290 306 328 338 347 374
Cole Mere Goldspink, 1981 combined 50 104 134 171 199 227 254 279 294 309 333
Tatton Mere 
(‘59)
u combined - - 164 202 237 269 291 311 334 356 379 403 420 435 450 460 455
Tatton Mere 
(‘69)
it combined 51 101 156 221 296 347 387 415
Tatton Mere 
(‘73)
a combined 50 100 160 215 230
Ellesmere (‘66) a combined 50 100 122 166 229 269 295 315 334 352 373 382 404 417 423
Ellesmere (‘69) a combined - - 205 266 302 340 352 389 413 437 450 470
Ellesmere (‘73) a combined - - 167 242 285 311 331 358
Tatton Mere 
(‘82)
Goldspink,
unpubl
female - 151 215 285 340 375 402 422 437 450
Tatton Mere 
(‘83)
tt female - 126 195 256 310 351 389 425 445
Tatton Mere 
(‘85)
a female - 159 230 242 278 303 340
Tatton Mere 
(‘83)
a male - 129 183 234 289 333 361 396 415
Berrington pool 
(‘89)
this study female - 170 213 263 316 360 390
Pettypool (‘89) this study female - 166 229 296 345 378 399
Pettypool (‘83) this study female - 163 217 250 281 322 359 381 409 423 442 461 473
Pettypool (‘89) this study male - 167 225 282 338 366 387
Pettypool (‘79) this study male - 167 212 248 293 328 356 374 388 401 411 418 425 432 448 460 470
5.0. DISCUSSION AND CONCLUSIONS
5.1. SAMPLING
In this study we attempt to provide a general overview of the fish populations present 
in the 10 sites listed. Our conclusions are based on a limited data set since access was 
only possible to 5 sites for sampling purposes. Other data were derived from anglers 
or riparian owners.
It should be noted, that fish populations are often difficult to sample effectively, 
especially during the autumn or winter periods. These problems are compounded by 
seasonal changes in the behaviour of fish. In lakes, fish often ‘migrate’ to deeper 
waters during the winter period. Mistakes in interpretation can occur, if based on 
incomplete or small samples. However, in this instance, experience of working on 
similar sites over the past 23 years, gives some confidence in the validity of our 
conclusions. However there are obvious shortcomings to the study. An interpretation 
based on one sample from each site, is subject to obvious potential bias! Nevertheless, 
there is much of interest in the results. A more complete evaluation can only be made 
when further data become available from other sites in the series and following more 
extensive monitoring.
5.2. CONTEXT
There is an extensive literature on changes which can occur to the flora and fauna of 
lakes due to nutrient enrichment and eutrophication (Harper, 1992). Most of these 
events effect all trophic levels of the ecosystem. But, as most freshwater SSSI’s were 
initially designated on the basis of littoral or macrophyte communities, changes which 
effect these are of obvious concern. Ellesmere Mere has recently lost it’s SSSI status 
because of a decline in the diversity of macrophytes. These changes have 
undoubtedly effected the littoral invertebrates and fish populations. Aquatic
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macrophytes provide an import refuge for many species of fish, and a substrate for 
invertebrates. Some of the Shropshire-Cheshire Meres hold nationally important 
communities of invertebrates (Young & Harris, 1974; Reynolds, 1979; Seaby et al., 
1991). Ellesmere Mere, Rostherne Mere and Tatton Mere provide additional case 
studies for what may happen at different stages of eutrophication.
5.3. BIOLOGY AND LIFE HISTORY TACTICS OF FISH
There are two main problems in the interpretation of fish samples. The first refers to a 
lack of understanding of fish population dynamics in general (Gaston & Lawton,
1990) and the second, refers to the limited data on the interactions between species at 
the community level, especially predation (Lowe-McConnell, 1990). Previous work 
on fish in the UK, has largely been concerned with the population dynamics and 
productivity of individual species. Unfortunately, many of these results are site 
specific and do not necessarily apply to other waters in the UK. For many species, 
there are complex interactions between the parameters of growth, survival and 
reproductive investment. The interpretation of growth rates can be particularly 
difficult.
Persistently poor recruitment, however is another matter, and may reflect a 
deterioration in environmental conditions. An excellent example of this, is provided 
by studies on the acidified lochs in southern Scotland, where trout grow well because 
of reduced population numbers, but cannot spawn! Similarly, competition between 
species is difficult to quantify in the short term. Many fish are long lived, and do not 
respond immediately to changes in the environment. Long term, studies are essential 
to chart the progress of most fish populations. After all, fish are adapted to ‘past’ 
climatic events, not current conditions. The rolling (monitoring) programmes 
introduced by Water Authorities (now the NRA) following the revised Freshwater 
Fisheries Act of 1975 reinforce this point.
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Contemporary observations on fish communities experiencing eutrophication 
(largely derived from work on the continent) show that cyprinids tend to replace 
perch. Perch are unable to feed effectively under conditions of high water turbidity, 
further exacerbated by a scarcity of littoral invertebrates. During the first year of life, 
cyprinids tend to ‘drive’ the zooplankton community towards one dominated by 
smaller species such as Bosmina. Thus Perch / Roach ratios provide a useful index of 
eutrophic status. Scarcity of larger specimens of Daphnia in the zooplankton would 
also be expected, especially in the Autumn. It is a lack of larger species of 
zooplankton which is thought to influence phytoplankton populations.
5.4 BRIEF OVERVIEW OF FISH STUDIES ON THE MERES
There have been a number of changes of detail, in some of the fish populations of the 
Shropshire Cheshire Meres over the last 2-3 decades or so. Reference to Figure 5.1 
from Ellesmere Mere, shows that the lake was well populated by perch and roach 
during the late 1960s. Perch were abundant. The same was true for Rostherne Mere, 
Cheshire. Since then, the numbers of perch have declined in both sites. In Rostherne 
Mere this decline was exacerbated by an outbreak of the ‘perch-disease’ in 1975, 
which killed most of the adult fish present then. The disease now appears to be 
endemic, and the population is confined to 2 age classes. These changes are 
consistent with known chronic effects of eutrophication and perhaps, ‘catastrophe’ 
theory. Cyprinids have increased 2 fold over the last decade even though large 
numbers of pike exist in this lake.
Growth rates of perch and roach in Rostherne Mere are both relatively poor for these 
species, probably as a result of an impoverished invertebrate fauna. By contrast the 
small remaining population of perch in Ellesmere Mere grows exceptionally well. 
Based on evidence from fish, eutrophication appears to have become ‘arrested’ in 
Ellesmere Mere. There is no evidence that fish are contributing to nutrient 
‘mobilisation’ from the sediments in Ellesmere Mere. Species associated with aquatic 
macrophytes, like tench and rudd, have declined and the rudd is possibly on the verge
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Fig. 5.1. The numbers o f fish caught in Ellesmere Mere Shropshire in 1968/69 (Okorie, 1971) 
compared with samples taken in 1994 and 1995 (C.R.Goldspink. unpublished).
Y ear Perch R oach Pike Tench Bream R ufle Roach-
Bream
llucld Total
1969/69 4129 1744 285 48 243 56 126 0 6631
1994 136 32 6 4 1 0 0 1 180
1995 50 88 7 1 4 .0 0 0 150
of local extinction. Similarly, the ruffe became extinct in Ellesmere Mere during the 
early 1970s. Bream are noted for their erratic recruitment in all sites. Strong year 
classes are invariably associated with years of above average water temperatures. The 
species ‘performs’ well in lakes which have a well established benthic faunas.
Interestingly, perch also grow well in sites which have large populations of 
Chaoborus and / or Leptodora. These species provide alternative routes of energy 
flow through zooplankton. Numbers of pike can be high, in those sites which offer 
good cover for juvenile fish, although growth rates are generally unexceptional for 
this species in the UK. Population densities (all species) are generally low (=< 100 kg 
ha'1) in the deeper Shropshire-Cheshire Meres, probably because of limited shore line 
development and large areas of open water (Goldspink, 1983).
5.5 THIS STUDY
The numbers of species recorded in the 10 lakes were low, compared with the known 
(55 species) British freshwater fish fauna (Maitland & Lyle, 1991). Our findings are 
consistent with the expectations of Smith and Moss (1994). The maximum number 
(n = 10) occurred in Bomere, although at least one of these the chub is clearly derived 
from introductions. This attenuated fish fauna reflects the rather ‘inhospitable’ nature 
of the meres, and their distance from the main routes of immigration from the 
continent, following the retreat of the last glacier and eustatic land rise.
Comparisons between meres suggest that species diversity and population numbers 
are both closely tied to details of lake morphometry. Numbers of fish caught (CPUE), 
with one or two exceptions, declined with lake area and maximum depth. Species 
diversity tended to increase with shoreline development. Thus population densities 
appear to be lower in the deeper lakes, a feature consistent with previous findings. 
Lakes with the largest populations tend to have a more ‘complete’ representation of 
age-classes. This reflects differences in the pattern of recruitment between sites which 
is partially linked to growth rates. The net effect is generally seen as density
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dependent effect on growth. The main exceptions to this trend are in Berrington Pool 
and Marton Pool.
There are differences in the ratio of perch to roach between sites. Marton Pool and 
Pettypool both have the highest ratios of roach to perch. These ratios are enhanced, if 
the numbers of bream are added to the numbers of roach, giving a joint cyprinid 
score. No data were available from Fenemere, although it clear that the numbers of 
carp are artificially high there, due to stocking from anglers. Carp rarely if ever 
successfully spawn in the deeper meres. Total catches tended to increase inversely 
with number of species, although the trend cannot be confirmed statistically (r = - 
0.239, P  = 0.698). But, it is a general observation that individual species counts often 
increase with a reduction in species richness.
Spawning success was highly variable within and between sites. For perch it is well 
documented that spawning success is tied to water temperatures during the summer. 
Exceptionally large year classes only occur following very warm summers. Given the 
high temperatures experienced in 1995, favourable recruitment can be expected in all 
sites. However high recruitment in perch was only recorded in 2 sites. The situation in 
roach is more complex, because of the effects of cyclic recruitment in this species, at 
least under conditions of high growth rate. Nevertheless, the broad conclusion appears 
to be, that the largest catches were associated with the numbers of age classes 
represented in each population.
Growth rates also seem to fit the expectation, that they will be higher, where there are 
fewer year classes and lower population numbers. For roach, the high growth rates 
also reflect the diversity of invertebrates available in most sites.
Growth rates of pike were generally high in the deeper meres (White Mere and Crose 
Mere), which suggests clear water conditions and good access to their preferred prey, 
the roach. In sites where growth was poor (Pettypool and Marton Pool) pike had been 
feeding on small items of prey, either perch or roach. These waters were also rather
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turbid. For all other species growth rates were generally above average for each, 
except in Berrington Pool and Pettypool.
A full listing of dietary items for roach and perch is given. For roach, up to 14 items 
were recorded in their diet from Marton Pool and Crose Mere (Table 4.5). Asellus and 
Gammarus were both recorded from roach in White Mere and Crose Mere. Roach 
from all sites had eaten molluscs. Roach from Berrington Pool had the highest 
incidence of detritus. In terms of dietary similarity, Pettypool and Berrington Pool are 
linked together in the dendrogram (Fig. 5.2). Both populations have poor growth 
rates. Crose Mere was rather distinct, possibly because of the inclusion of Leptodora 
and ostracods. No Daphnia were recorded from roach in Pettypool.
For adult perch, Berrington Pool was the most distinct site (Fig. 5.3). Marton Pool and 
Pettypool were linked because of the absence of Daphnia and in the case of Marton 
Pool, the presence of Bosmina. Perch from Crose Mere and White Mere, had both fed 
on Daphnia and Chaoborus. Again Berrington Pool appears to be distinct if diets of 
smaller (0+) perch are considered (Fig. 5.4).
5.6 CONCLUSIONS
The main conclusion from the current study is that most of the sites sampled hold 
relatively few species of fish. In at least 3 cases, White Mere, Crose Mere and 
Berrington Pool, no action should be taken. Both White Mere and Crose Mere; still 
contain substantial numbers of perch and limited numbers of cyprinids. Population 
densities were considered to be low. Berrington Pool is possibly of national 
importance because its large, mixed age population of perch. White Mere could hold 
nationally significant populations of eel and ruffe. Pettypool contains significant 
numbers of bream and carp and shows some signs of ‘top down’ control. It is a 
possible candidate for biomanipulation as is Fenemere. Both sites are heavily 
‘preserved’ by anglers. Marton Pool is an interesting site rather isolated from other 
meres of the group. It show signs of incipient ‘collapse’ and is worthy of detailed
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Fig. 5.2. '
A dult roach  (T ab le  4 .5 ) m axim um  sim ilarity  diet.
Fig. 5.3. '
A dult P e rch  (T ab le  4.7') m axim um  sim ilarity  d iet
Fig. 5.4.
Y oung  (0+ ) perch  (T ab le  4 .6 ) m axim um  sim ilarity  d iet
study, from the fish viewpoint. Quoisley Mere is well ‘vegetated’ and holds nationally 
significant populations of rudd. Tabley Moat is effectively a stock pond and is a 
suitable site for experimental biomanipulation. No data were available from Bomere, 
although this is potentially the most interesting site, because of its low conductivity. A 
further attempt to sample this site should be made.
5.7 EUTROPHIC STATE-BIOMANIPULATION
Of the 5 lakes studied in detail, only two show conditions that might be suitable for 
biomanipulation, Marton Pool and Pettypool. Berrington Pool is a special case, since 
its fish fauna exhibits many pristine characteristics worthy of sustained conservation 
in its own right. Any lowland site which hold good stocks of disease free, mixed aged, 
perch is worthy of conservation. In addition the perch appear to have accumulated 
dyes, which is of considerable scientific interest. Pettypool is quite shallow and has a 
ratio of perch to roach consistent with eutrophication. Marton Pool still contains large 
numbers of perch, but shows some signs of change / incipient collapse. In view of 
this fact we recommend that this site be monitored in detail, rather than be the subject 
of biomanipulation. Both Marton Pool and Pettypool appear to have favourable 
habitats for pike. But, there is no guarantee that increasing pike stocks would 
necessarily change the balance between prey species, judging from observations on 
Rostherne Mere. Numbers of bream are unlikely to have significantly influenced the 
substrate in any site, because of their low numbers. The same cannot be said for carp. 
Carp may be a serious destructive agent in Pettypool and Fenemere. Of all sites 
Fenemere is probably the one which would respond well to carp removal. The 
shallow sites in Cheshire are worthy of sustained conservation because of the 
presence of the nationally endangered species, the rudd (Winfield, Fletcher & Cragg- 
Hine, 1994). Tabley Moat, under current management conditions is effectively a stock 
pond and could be a useful site for experimentation.
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5.8 CONSERVATION MERIT
In terms of fish the following points are worthy of note in any conservation debate. A 
rank score of importance (0-10) is suggested.
a) Species richness Berrington Pool
b) Pristine state- 10
c) Migratory species - 4
d) Species rarity - 4
Berrington Pool / Crose Mere / White Mere / 
Marton Pool
White Mere / Crose Mere / Marton Pool 
White Mere (ruffe) NB Check all sites for rudd
e) Population dynamics - 4 Pettypool (bream).
f) Genetic isolation / - unique gene-complex - 10 Berrington Pool
g) Successional state - 10 Marton Pool
h) Disease resistance - 5 all sites apart perhaps from Pettypool.
i) Habitat architecture - 4 Berrington Pool, White Mere, possibly
Marton Pool
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Abstract of a paper (Goldspink. Holland & Wall) describing long term (23 years) 
changes in the diet of pike in Rostherne Mere and the possible impact of pike on prey 
populations.
The diet of pike (> 25 cm), from a deep eutrophic lake is described over 23 years. The 
fish assemblage was dominated by pike, perch and roach. The study (1973-95) 
includes a period of prey scarcity caused by an outbreak of the ‘perch-disease’ in 
1975. This killed most of the larger perch present, and few fish now survive for more 
than 3 years in the lake. Roach were present throughout, but numbers of pike have 
varied by a factor of 10. Thirteen strong year classes were registered between 1955- 
95. Growth rates were unexceptional for this species in the UK, but have improved 
over the last decade. Survival rates are low and few fish live for more than 10 years. 
The diet of pike was dominated by perch (78% of all prey). Most prey were small (< 
10 cm), irrespective of size of pike. The maximum size of perch eaten has declined 
from 21 cm to 14 cm. Larger (14-30 cm) roach have replaced these prey size classes. 
Cannibalism was uncommon. Dietary niche breadths (Levin’s index) varied within 
and between years. Variation within years, was caused by a decline in the 
consumption of roach, associated with increased water turbidity. Long term changes 
were associated with variations in the range of small perch available. Although 
preferred, roach were rarely eaten by pike because of poor light conditions. Pike • 
ranged widely in the lake and few fish appeared to adopt a ‘wait-and-see’ feeding 
strategy. In the absence of competition from large (cannibalistic) perch an increasing 
proportion of perch fry may pass directly to pike. Birds were occasionally eaten, in 
years of extreme prey scarcity. The continuing predation pressure on perch, whilst 
surprising, is likely to persist until conditions change, or the species becomes locally 
extinct. Rostherne pike adopt a mixed foraging strategy, to accommodate seasonal 
and spatial variations in the availability of prey. A case for more field research into 
the behaviour of aquatic predators is made. Intra-population variations in pike 
behaviour probably play a key role in total ‘economy’ of this lake. The possible 
impact of pike on prey populations is discussed in the context of biomanipulation.
Appendix 1.
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A ppendix  2. M ean num bers o f  eye flukes in  m ale  and fem ale roach.
A ppendix 2. M ean  num bers o f  eye flukes in  m ale and  fem ale roach.
Flow diagram of work required for the identification of the 
unknown red compound, including it's metabolism in healthy 
and unaffected fish.
Stage 1. (completed)
Find a suitable method for extraction 
of the red compound from the fat. 
Try extraction into diethyl ether or 
hexane after tissue destruction using 
mechanica l  and ext r eme pH 
methods.
Stage 3.
Identification of the red compound 
using possibly mass spectrometry, 
NMR, infra-red spectrophotometry 
or o the r  s u i t a b l e  method ,  
depending on the state of the 
sample and the sample volume.
Stage 5.
Explain why other species of fish appear 
not to be affected. Subject healthy fish or 
just viable fish livers to the red compound 
and determine the subsequent metabolism/ 
detoxification of dye and which enzyme 
groups are involved. Look for metabolites 
in healthy fish using the extraction and 
identification method developed earlier.
Stage 2.
Separation/purification of 
the red compound from the 
other components present 
in  th e  e x t r a c t  u s i n g  
possibly, TLC or HPLC. 
Determine the best solvent 
system to use.
Stage 4.
Find the source of the red 
compound, e.g. maybe in the 
f o o d  c h a i n  f r o m  dye  
compounds used in maggots 
f o r  f i s h i n g ,  o r  t h e  
environment.
Work completed todate.
1.
Extracted red compound from fish mesenteric fat into diethyl 
ether. Red compound was extremely lipophilic with none present 
in the aqueous phase.
2.
Applied procedure above to unaffected fish mesenteric fat and 
maggots which had a red stain.
3.
Wavelength scan of the diethyl ether fraction produced numerous 
peaks. The red compound in the affected fish produced a 
noticable peak at 515nm which was not present in the unaffected 
fish. This is in the expected wavelength region for a compound 
that is red in colour.
4.
The red maggots produced a peak at 515nm as well which is an 
indication that the same substance could be present in both 
species. It is not conclusive however, and more work is required 
for it's identification.
